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ABSTRACT
AN ANALYSIS OF MOLECULAR PARAMETERS GOVERNING PHASE
SEPARATION IN A REACTING POLYURETHANE SYSTEM
SEPTEMBER 1999
DORIE J. YONTZ, B.S., UNIVERSITY OF SOUTHERN MISSISSIPPI
Ph.D., UNIVERSITY OF MASSACHUSETTS AMHERST
Directed by: Professor Shaw Ling Hsu
The evolution of microstructure in polyurethane foams is a complex process
involving competing kinetics of polymerization, crosslinking, and phase separation.
Hard segments form in-situ and the increase in molecular weight induces phase
separation. Coincident with these processes is a significant rise in viscosity through
crosslinking of the trifunctional polyether soft segment. The inherent temperature rise
that accompanies foaming complicates matters further and makes morphology control
difficult. The resulting morphologies are complex and cannot be explained by traditional
views of polyurethane morphology. Based on morphological and mechanical data, a new
model of the phase-separated structure is proposed. This model incorporates the notion
of interconnectivity of ordered hard domains through bridges of either extremely long
hard segments or constrained soft material.
vii
To identify factors responsible for the final morphology in these polyurethanes
and to correlate mechanical properties to the polymer microstructure without the
complication of a cellular structure, films were synthesized isothermally. By exploiting
the influence of temperature on the relative rates of phase separation and crosslinking, it
was possible to create very different morphologies. Infrared spectroscopy, atomic force
microscopy, and transmission electron microscopy show that films prepared at low
reaction temperatures have organized, continuous hard domains. These materials have
very high moduli and mechanically behave as continuous structures. In contrast, films
prepared at high temperatures exhibit isolated, poorly ordered hard domains. These films
are much weaker mechanically, although the volume fraction of hard segment is the
same. The differences in morphology are accredited to varying rates of crosslinking
relative to phase separation. At low reaction temperatures, phase separation proceeds
faster than chemical crosslinking, but at higher temperatures, crosslinking dominates.
Factors potentially responsible for the change in relative rates are addressed.
Analysis of hard segment mass distribution by Matrix-Assisted Laser Desorption
Ionization mass spectrometry shows that hard segment length is not a critical factor
governing the phase separation behavior. Instead, an increase in viscosity associated with
an increase in crosslinking rate with temperature is responsible for the observed
homogeneous morphology in films prepared at high reaction temperatures. However,
hard segment length does contribute to the mechanical properties by providing
connectivity between domains.
viii
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CHAPTER 1
INTRODUCTION
1 . 1
.
Survey of Dissertation
There is a wealth of information regarding the phase separation of polyurethanes
and the morphologies that develop [1-15]. In the case of polyurethane foams, phase
separation is made more complex by a compethion of processes [16-30]. Hard segments
are polymerized in-situ and phase separate from the soft matrix. Heat generated from the
reactions causes a significant rise in temperature, which, in turn, influences subsequent
polymerization and phase separation behavior. As an added factor, soft segments are
trifunctional, so an increase in viscosity through chemical crosslinking interrupts phase
separation.
In this thesis, polymer films were made under controlled conditions in order to
manipulate morphology and to identify the elements responsible for structure
development. Microstructural characterization reveals that very different morphologies
are procured simply by adjusting reaction temperature. Within a series of films of the
same hard segment volume fraction, modulus varies substantially. Current models of
morphology fail to predict this behavior adequately [31-35]. Based on structural
information from the samples, a morphological model that accounts for the observed
mechanical responses is proposed. The concept of domain interconnectivity is vital to
this model.
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This thesis is divided into seven chapters. Chapter 1 serves as an introduction to a
range of topics. Included are sections about polymer phase separation in general as well
as background information about polyurethanes. The polyurethane background is
subdivided into three parts - a section about polyurethane chemistry, a section that covers
the salient features of linear (uncrosslinked) polyurethanes, which provides much of the
framework of understanding about the phase separation process in polyurethanes, and a
section introducing polyurethane foams. Chapter 2 describes the experimental
conditions. Details of sample preparation are here, as are summaries of the major
techniques used to characterize sample morphology. The mechanical properties of the
films are covered in Chapter 3. In Chapter 4, the morphologies inferred based on the data
in Chapter 3 are confirmed. The events governing the evolution of the morphologies are
dealt with in Chapter 5. Information from all three of these data chapters are combined
into a coherent morphological picture in Chapter 6. Finally, a summary of the thesis and
issues that need to be addressed in the future are in Chapter 7.
1.2. Polymer Phase Separation
A heterogeneous system is miscible if it forms a single phase. In order to achieve
this, the thermodynamic criterion [36]
Equation 1 . 1 ^ > 0
must be met. In this equation, AGm is the Gibbs free energy of mixing and (|)b is the
volume fraction of component B. If 3 AGm/3(j)B < 0, phase separation becomes a
thermodynamically stable process. The critical condition in a multicomponent system is
Equation 1 .2
d0l d(j>l
= 0
where (^a is the volume fraction of component A. The Gibbs free energy of mixing can
be calculated from a lattice model as
Equation 1.3 AG,„ = kT[n^ \n(j)^ + n, \n(p, + XnJsl
where k is the Boltzmann constant, T is temperature, (^b is volume fraction of component
B, ni is the number of molecules of component i, and % is the Flory-Huggins parameter
given by
Equation 1.4 X =
kT
In Equation 1
.4, z is the lattice coordination number, xa is the number of lattice sites
occupied by polymer A, and Awab is the change in energy caused by creation of a contact
between segment A and segment B in comparison to contact between two lattice sites of
the same type. Since
Equation 1.5
^Wab='^ab-^(waa+^^bb)^
where Waa and wbb are interaction energies between segments of the same kind for A
and B, respectively, Awab will be positive when there is an energy penalty for bringing
an A segment into contact with a B segment. By inspection of x at the critical condition
Equation 1.6 +
( 1 ^
3
it is apparent that polymers with an appreciable degree of polymerization require very
small values of x for miscibility. The critical concentration for phase separation is
Equation 1.7 d) - ^
Hence, a very small volume fraction of a high molecular weight polymer is sufficient to
induce phase separation. It is not surprising, then, that most polymer blends phase
separate.
An Upper Critical Solution Temperature (UCST) curve is illustrated in Figure 1.1.
Point A marks the critical point, and a two-phase morphology exists beneath curve C, the
binodal curve. The two points labeled B are binodal points, which correspond to the
compositions of the phases. One phase is poor in component B, while the other is poor in
component A. Curve D marks the spinodal curve and the region between curves C and D
is the metastable region. The mechanisms of phase separation in these two regions are
very different. Although the compositions of the final phases are determined by
temperature, as illustrated by the thin dashed line G in Figure 1.1, the mechanism of
phase separation depends on overall composition, as shown by lines E and F. The
mixture with a corresponding to line E will phase separate according to a nucleation
and growth mechanism, but the mixture for line F will separate via spinodal
decomposition.
In the metastable region, the energy penalty for having a high surface to volume
ratio causes small domains to be unstable so that domains smaller than a critical size
dissolve [36-38]. Domains larger than this critical size become nuclei for phase
separation and have a higher concentration of one component, component A, for instance,
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than the surrounding material. The resuhing concentration gradient induces diffusion of
component A into the region around the nucleus. In this manner, the growth portion of
phase separation process begins, and eventually spherical droplets form. The
concentration of each component in the droplet remains constant throughout the growing
process, though spatial boundaries move due to diffusion of component A [38].
Spinodal decomposition is a more complex process and smaller concentration
fluctuations can lead to phase separation. In other words, the critical wavelength of
fluctuation above which the system is unstable is lower than in nucleation and growth
[36-38]. Continuous growth of fluctuations in concentration leads to interconnectivity in
both phases. Each component diffuses to a region rich in that component in a process
known as "uphill diffusion," so named because diffusion occurs against the concentration
gradient. The phase-separated structure emerges throughout the material very quickly
and does not change in dimensions during the phase separation process. Instead, the
concentration of the rich component within each phase increases with time. This is in
direct contrast to nucleation and growth, in which the concentration of the rich
component remains the same and the size of the domain increases with time [36-38].
When the concentration gradient reaches a constant value, coalescence begins in order to
minimize surface area. Afterwards, the final structure may include droplets. Therefore,
the final structure after spinodal decomposition is not necessarily interconnected, though
some interconnectivity may be maintained in systems in which high viscosities prevent
coalescence [38],
In the final phase-separated morphology, the concentration within each phase is
invariant with respect to the phase separation mechanism as it is determined by the
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spinodal points on the phase curve. However, the kinetics of formation and the final
morphology are very dependent on the mechanism. Since the mechanical properties
depend on microstructural organization, the type of phase separation mechanism will be
important for end applications of polymer blends and copolymers.
Figure 1 . 1 Schematic of an Upper Critical Solution Temperature phase curve,
1 .3 . Polyurethane Background
A wide range of structures contribute to the category of polyurethanes. All
polyurethanes are composed of alternating hard and soft blocks; however, the nature of
the blocks is quite diverse across the spectrum ofpolyurethanes. The soft block is a
polymer, usually a polyether or a polyester, and its properties depend very much on its
chemical structure. For instance, soft blocks made of poly(tetramethylene oxide)
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crystallize but those made of poly(propylene oxide) do not. Regardless of chemical
structure, the soft segment, as its name implies, is flexible relative to the hard blocks.
Hard blocks, or hard segments, tend to associate into domains. To a large extent,
formation and organization of hard domains depend on the chemical structure of the hard
blocks. Moreover, under certain reaction conditions, side products capable of disrupting
domain organization may form. Background information about polyurethanes is below,
with special emphasis on polyurethane chemistry and polyurethane phase separation. In
addition, an overview of polyurethane foam is included since the polyurethanes in this
thesis work are based on those found in foams.
1.3.1. Polyurethane Chemistry
The basic ingredients of a polyurethane are a diisocyanate, a difunctional
extender, and an end-functionalized soft segment. The soft segment typically has a
molecular weight of 1000-5000 g/mol and can have any number of functional groups,
although functionalities of two or three are most common. Diisocyanates can be either
aromatic or aliphatic, but aromatic isocyanates are more reactive [39]. The most
common aromatic diisocyanates are 4,4'-methylenebis(phenyl isocyanate) (MDI) and
toluene diisocyanate (TDI). In terms of chemical structure, the greatest variation comes
from the choice of extender. There are two major classes of extenders - alcohols and
amines. Reactions between diisocyanates and diols form urethane hard segments (Figure
1.2)
,
while amine extenders react with diisocyanates to form urea hard segments (Figure
1
.3) . Regardless of the type of hard segment, a hydroxy I end group of the soft segment
reacts with the isocyanate end of a hard segment to create a urethane junction in a
reaction similar to that in Figure 1 .2. The final structure is a polyurethane (Figure 1 .4) or
a polyurea urethane (Figure 1.5), depending on the nature of the hard segment. For
simpUcity, both types of polymers are referred to as polyurethanes throughout this thesis.
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Figure 1.5 General polyurea urethane chemical structure. S denotes soft segment,
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Isocyanates react readily with compounds containing active hydrogens,
denoted as HX. The reason is apparent from the resonance structure in Figure 1.6 [39]
^
.9
^ K N=C—p: -* ^ R N—C=0
Figure 1
.6 Resonance structures for an isocyanate.
The carbon atom of the isocyanate group tends to be positive, making it susceptible to
nucleophilic attack. From this, it is also obvious that the electron withdrawing nature of
rings makes aromatic isocyanates more reactive than aliphatic ones. Due to the positive
nature of the carbon atom, isocyanates are more reactive with amines than the less
nucleophilic alcohols [39], while primary alcohols are more reactive than secondary
alcohols [40].
The inherent reactivities of isocyanates and HX compounds can be manipulated
through catalysts. For example, tertiary amine catalysts enhance the reaction between
isocyanates and hydroxyl groups, though there is some controversy regarding the
mechanism. Catalytic activity seems to correlate to basicity of the amine, with some
steric factors contributing. Of two tertiary amines with similar basicity, the compound
containing nitrogen atoms that are more accessible has greater activity [40, 41]. A
mechanism in which the amine catalyst forms an active complex with an alcohol has been
postulated to explain the increase in catalytic activity with amine basicity. However,
amine catalysts promote other isocyanate reactions as well, lending some credence to the
postulate that a complex forms between the amine and the isocyanate [42, 43].
Organometallic catalysts, notably tin compounds, also catalyze isocyanate reactions, but
the catalytic activity of tin compounds is as much as 100-10,000 times greater than the
average amine catalysts [42, 43]. As with amine catalysts, the mechanism of catalytic
activity is unknown [40]. However, there is some suggestion that there is a synergy
between amine and tin catalysts [42-48]. Through judicious choice of catalysts, inherent
reactivities of compounds in isocyanate reactions can be altered, generating vastly
different structures through control of relative reaction rates [24, 26, 40, 49]. The role
catalysts play in directing polyurethane morphology will be addressed in Section 5.3.
1.3.2. Linear Polyurethanes
Phase separation kinetics in linear segmented polyurethanes have been
extensively studied. The most common system is based on MDI extended with
butanediol as the hard segment and difunctional poly(propylene oxide) as the soft
segment. The creation of monodisperse model compounds for this polymer system made
correlation between mechanical and spectroscopic data and chemical structure possible
[1].
Preliminary data indicated some very interesting trends in the phase behavior [1].
Infrared spectroscopy showed just two types of carbonyls -- a hydrogen bonded species at
1703 cm"' and a non-bonded moiety at 1730 cm''. The intensity of the 1703 cm"' band
increased relative to the 1730 cm"' peak as hard segment length increased, indicating a
decrease in hard segment solubility in the polyether matrix. Tg analysis from Differential
Scanning Calorimetry (DSC) and Dynamic Mechanical Analysis (DMA) of these
polymers suggested that the B4 polymer with longer hard segments was less phase mixed
than the B2 polymer with shorter hard segments. In addition, the rubbery plateau in the
DMA data extended to higher temperatures as hard segment length increased. In other
words, a more efficient physically crosslinked network formed. Similarly, infrared data
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pointed to a rise in the dissociation temperature of the hydrogen bonds as hard segment
length increased.
The kinetic aspect of phase separation as a function of temperature in this system
became the next area of study [2-6, 8, 50]. By heating the B2 polymer to above its
dissociation temperature and quenching it to below Tg, a phase mixed state with mostly
free carbonyl groups (1730 cm"') was preserved [4, 6]. Temperature jump experiments to
isothermal phase separation temperatures indicated that phase separation occurred
through a gradual movement of hard segments from the soft matrix to the hard domains
[6]. This was manifested by a decrease in the 1730 cm^' band and an increase in the 1705
cm"' band. Analysis of the diminishing 1730 cm'" band over time at a constant
temperature suggested that the phase separation process was similar to nucleation and
growth in crystallization. At temperatures close to Tg, the phase separation rate was low
due to lack of mobility. Since the soft segment was in an extended conformation when
phase separated, large contractile forces dominated at higher temperatures, thereby
decreasing the rate of phase separation. At intermediate temperatures, phase separation
rates were much faster. Isothermal DSC traces of B2 at its maximum phase separation
rate, 55 °C, exhibited an exothermic peak, indicating that phase separation transpired
during the scanning process. On the other hand, a DSC trace of B4 under the same
conditions did not show an exotherm because the phase separated structure was intact
before the DSC scan was performed [6].
It is generally thought that polyurethanes phase separate due to chemical
immiscibility between hard segments and soft segments. However, work with the B2
system showed that hydrogen bonding between the urethane N-H group and the ether
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oxygen was actually stronger than hydrogen bonding between the N-H group and the
carbonyl [4]. In fact, some polyurethanes that do not hydrogen bond still phase separate
[51-53]. Moreover, crystallization is not the impetus for phase separation since studies
have shown that the hard segment domains are not truly crystalline [1]. Molecular
simulation and Monte Carlo methods have demonstrated that rigidity of the hard
segments is sufficient to induce phase separation [50]. Calculations indicate that Aw,,,
the interaction energy between a hard segment and a soft segment, is negative.
Therefore, x is also negative, and the system should be phase mixed [50]. However,
experiments show that this is not true; in fact, virtually all polyurethanes exhibit phase-
separated structures [1, 4-6, 16, 19-21, 53-75]. Modification of Flory's rigid rod theory
verified that the traditional Flory-Huggins approach was inadequate in describing the
phase diagram for polyurethanes because it did not account for the entropic contribution
from chain orientation of rigid molecules. Simulations accounting for this entropic
feature showed that as hard segment length increased, the volume fraction of hard
segments dispersed in the soft matrix decreased. In other words, samples with longer
hard segments had higher degrees of phase separation. Increasing the length of soft
segment decreased degree of phase separation, but it did not influence composition of the
phases [50]. This is consistent with experimental results obtained for the B2 and B4
systems and describes the structure expected under conditions of thermodynamic
equilibrium. This thesis research has focused on a more complicated system in which
there are processes competing with phase separation. As a consequence, there is a
possibility of entrapping non-equilibrium morphologies.
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1.3.3. Polyurethane Foams
The system of interest in this research is one based on polyurethane foams. These
materials exhibh three competing processes: polymerization to form hard segments,
phase separation, and chemical crosslinking [16, 17, 20-23, 27, 42, 76-78]. During the
processing of large foam buns, urea hard segments form through the polymerization of
diisocyanate and water in a reaction termed the "blowing reaction" on account of the
release of the byproduct, carbon dioxide (Figure 1.7).
CH-
0 =C«N L^N=C=0 + H-O-H
CH
0 =C=N N-H
I
H
CO2 ( f )
CH, O
0=C=iN N-C-O-H
H
CH3
0=C=N. A. .N=C=0
CH, O
0=C=N N-C=0
Figure 1.7 Hard segment reaction.
The hydroxyl end group of a soft segment reacts with an isocyanate of a hard block and
creates a urethane linkage to form the final polymer structure in Figure 1.8,
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Figure 1.8 Final polymer structure,
Since the soft blocks in polyurethane foams are typically polyethers with nominal
functionalities of three, the material within the cell walls of polyurethane foams contains
both physical crosslinks from hard domain formation and chemical crosslinks through the
trifunctional nature of the polyether. The foam rises because of the carbon dioxide and
the heat released by the reactions. The foam bun becomes adiabatic in nature, with the
core of the foam quickly reaching temperatures in the range of 140°- 150 °C. As the foam
increases in height, cell windows begin to thin. Eventually, cells burst and trapped gases
escape. At this point, the material within the cell walls must be strong enough to prevent
foam collapse. For this reason, catalyst balance to control timing of physical crosslinking
through phase separation and chemical crosslinking through urethane formation is crucial
[42]
Past studies of urethane foams have focused on determining the order of the
chemical reactions under adiabatic conditions and its relation to stabilization of the rising
foam. Early studies involved removing a section of a reacting foam and quenching it
between cold salt plates [76]. Infrared analysis showed that the urea reaction occurred
initially; after the urea concentration reached an apparent limiting value, the urethane
reaction became dominant. A variety of polyols - triols, monols, and zerols - was used to
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investigate reaction sequences in rising foams [77]. Foams created with zerol polyols did
not rise as quickly and usually collapsed. However, plots of foam height versus
temperature matched those of triol formulas for the first 75% of the foam rise, another
indication that the urea reaction dominates at early times in the foam rise. Substituting
monols for traditional polyols did not significantly affect foam rise, suggesting that
crosslinking via urethane formation is not essential to foam stability [77].
Additional investigations focused on probing reaction sequences and
morphological changes in-situ. Several authors have observed the onset of phase
separation of urea hard segments by infrared spectroscopy. In foams with water contents
of approximately two parts per hundred parts polyol (pphp), urethane and urea peaks
appear at about the same rate in the infrared spectra, indicating simultaneous blow and
gel reactions [21, 79]. In contrast, infrared spectra of foams with higher water contents
(3.8 and 6.4 pphp) showed that urea peaks increased in intensity more quickly than
urethane peaks; this was attributed to a higher probability of isocyanate groups reacting
with water molecules rather than polyol simply due to concentration [17, 79]. Formation
of the ordered urea phase, bidentate urea, appeared earlier in low water formulations than
in high water formulations [79]. Dynamic SAXS of rising foams demonstrated a
correlation between structure development in SAXS and evolution of bidentate urea in
infrared spectra. These processes also corresponded to a viscosity increase in the rising
foam.
Investigations of reacting slabstock foams indicated that two regions appeared in
plots of modulus versus time - one at an earlier time in the reaction and one at a later time
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[27, 79, 80]. The first region corresponded to the appearance of the bidentate urea band
in the infrared spectra. When triol was replaced with monofunctional polyol, only the
first increase in modulus remained [80]. Therefore, this region of the modulus curve was
attributed to phase separation of urea hard segments and the second region was assigned
to chemical crosslinking. Further work using ultrasonic sensing to monitor volume rise
profiles illustrated that foams reached constant volumes before a covalent network
formed [18]. The implication was that phase separation and the resulting hydrogen
bonded structures created a stable network through physical crosslinking.
Consolidating IR, SAXS, and viscosity data from reacting slabstock foams, a
simple model describing events occurring in foams was proposed [79]. Initially, very
little isocyanate reacts; urea hard segments are mostly one unit in length and are quite
soluble in the polyol. Because hard segments are short and few in number, they are not
very likely to hydrogen bond to each other. As isocyanate groups continue to react,
longer urea segments with reduced polyol solubility form. Hence, hydrogen bonding
between urea segments becomes more likely and when it occurs, will exist longer
compared to earlier in the foam rise. Nonetheless, these hydrogen bonds are still
transitory. The "monodentate" hydrogen bonded urea peak observed in infrared spectra
is attributed to these temporary structures. As isocyanate groups react further, urea
segments increase in length. By this point, the hard segments have very limited solubility
in the polyol and hydrogen bonding between urea segments becomes very favorable;
these structures, "bidentate" urea, are not easily disrupted and eventually form hard
domains.
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1.4. Research Objectives
The system discussed in this dissertation is an extremely interesting one. In
contrast to many of the polyurethanes reported in the Hterature, the competing processes
of polymerization, chemical crosslinking, and phase separation offer the opportunity of
entrapping non-equilibrium morphologies. It is expected that the viscosity increase
caused by chemical crosslinking will have a significant impact on the evolution of phase
separation. In this polyurethane, the driving force for phase separation is directly related
to the molecular weight increase associated with polymerization of the hard segments.
Despite a large effort aimed at exploring the complexities of the chemical reactions
occurring in polyurethane foams, very little is understood about the role these competing
processes play in controlling the final morphology. Rates of phase separation and
chemical crosslinking are very dependent on temperature. However, the adiabatic nature
of foam makes control of temperature, and therefore morphology, very difficult. The
overall goal of this thesis was to understand the factors that govern the development of
the final morphology and the effect of structural variations on mechanical properties. To
do this, it was first necessary to design a method whereby solid, non-cellular films could
be synthesized under controlled conditions, which in this case refers to isothermal
conditions. The idea was to use the competition among polymerization, phase separation,
crosslinking to generate different morphologies as a function of reaction conditions and
to probe the factors that dictate structure development. Without the cellular structure of
foams, a correlation between mechanical properties of these films and the intrinsic
polymer morphology was possible. The information provides for a new morphological
17
description of polyurethane microstructure, one that can account for the observed
mechanical properties.
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CHAPTER 2
EXPERIMENTAL PROCEDURES AND CHARACTERIZATION TECHNIQUES
2.1. Polyurethane Synthesis
As mentioned in Chapter 1, the polyurethane in this thesis work is based on the
polymer in polyurethane slabstock foams. In this study, part of the goal was to prepare
films from a system that inherently foams. Therefore, some modification of a typical
foam formulation was necessary. Reactants were mixed by hand to avoid introducing air
pockets that could act as nucleating sites for bubble growth. Although such a mixing
technique is impossible under practical industrial conditions, it was not a problem with
the small amount of material used in this project. Surfactant was omitted so that bubbles
formed from the carbon dioxide byproduct were unstable [1]. Furthermore, reacting
material was compressed to prevent any foam rise. The adjusted formulations (Table 2.1)
were scaled to give a total mass of 15 g for the films. The formulation with 3.54 parts
water per hundred parts polyol (pphp) contains 28% hard segments by weight and
theoretically gives an average of four urea groups per chain. The other formulation
comprises 35% hard segments by weight and should generate an average of six ureas per
chain. (Calculations are included in Appendix A.)
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Table 2.1 Modified Formulations for Films.^'^
(a)
4 ureas/chain 6 ureas/chain
Polyol (V-3137) 100 g 100 g
Water 3.54 g 5.31 g
DabcoBL-11 O.lOg 0.10 g
Dabco 33-LV 0.20 g 0.20 g
Dabco T-9 0.14 g 0.14 g
TDI(103 index) 44.12 g 61.76 g
Reagents are identified in Section 2.1.1.
seen
TGA curves for these materials exhibit two step transitions, as shown in Figure
2.1
-Figure 2.4. By inspection of the TGA curve of the polyol in Figure 2.5, it can be
that the second transition is due to degradation of the soft segment, and weight loss in the
first transition correlates to hard segment composition [2]. Results from the TGA curves
are summarized in Table 2.2 and closely match the anticipated weight fractions for the
hard segments. Assuming a hard phase density of 1 .25 1 g/cc for the hard phase [3] and
1 .019 g/cc for the soft segment (from the Material Safety Data Sheet provided by the
polyol supplier), the volume fraction of hard segment is calculated to be 0.24 and 0.30 for
the 3.54 pphp formulation and 5.31 pphp formulation, respectively.
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Temperature (°C)
Figure 2.1 TGA weight loss curves of 6-50. Heating rate = 10 °C/min.
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Figure 2.2 TGA weight loss curves of 6-150. Heating rate = 10 °C/min.
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Temperature (°C)
Figure 2.3 TGA weight loss curves of 4-50. Heating rate = 10 °C/min.
Temperature (°C)
Figure 2.4 TGA weight loss curves of 4-150. Heating rate = 10 °C/min.
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Temperature (°C)
Figure 2.5 TGA weight loss curves of Voranol® 3137 polyol. Heating rate = 10 °C/min.
Table 2.2 Hard Segment Composition.
Sample Theoretical Weight % Weight % Measured from
First TGA Transition
4-50 28 29
4-150 28 27
6-50 35 37
6-150 35 35
2.1.1. Materials
2.1.1.1. Amine Catalysts
There are two amine catalysts in the formulations used in this study. Dabco® BL-
1 1 (Air Products) is a preferential catalyst for the H2O/TDI reaction. It is composed of
70% bis(dimethylaminoethyl) ether in a solution of dipropylene glycol and has a boiling
point of 190 °C; it is also sold under the name Niax® A-1 by Osi Specialties-Witco.
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H,C
N
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Figure 2.6 Chemical structure of Dabco® BL-1 1.
This catalyst has a preference for the urea reaction because it coordinates both reactants.
The tertiary nitrogen complexes with an isocyanate group, and the ether oxygen hydrogen
bonds to water. This configuration places water preferentially in contact with the
activated isocyanate [4].
The second amine catalyst is Dabco® 33-LV, also from Air Products. It is a
solution of diazobicyclo[2,2,2]octane, 1,4- (33%) in dipropylene glycol. Although this
compound slightly catalyzes the blowing reaction, it is mainly a catalyst for the
TDI/polyol gelation reaction [5-8]. The boiling point of Dabco® 33-LV is >149 °C.
N
CH CH CH
CH CH CH
N
Figure 2.7 Chemical structure of Dabco® 33-LV
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2.1.1.2. Polyol
The soft segment in this study is Voranol® 3137 from The Dow Chemical
Company. It is a glycerin initiated poly(propylene oxide) polyether with -13% ethylene
oxide randomly polymerized into the chain. It has an equivalent weight of 1075 and an
average functionality of 2.79. In some cases, a monofunctional polyol equivalent to a
single arm of Voranof 3137, an experimental polyol provided by The Dow Chemical
Company, was used.
CH
—
^PPO PEO
PPOH hPEO
PEO
c-
H
c-
H2
C OH
H
CH
C OH
H
C— CH— OH
H2
I
CH,
Figure 2.8 Chemical structure of Voranol® 3137 trifunctional polyether.
2.1.1.3. Diisocyanate
The diisocyanate used in the preparation of the majority of the films in this thesis
work was T-80, an 80/20 blend of 2,4-toluene diisocyanate and 2,6-toluene diisocyanate
available from Aldrich Chemical. Toluene diisocyanate with 98% of the 2,4 isomer was
purchased from Aldrich for use in specialty films. Films were synthesized using T-80
unless otherwise noted.
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Figure 2.9 Chemical structures of the 2,4 and 2,6 isomers of toluene diisocyanate.
2.1.1.4. Tin Catalyst
Dabco® T-9, a stannous octanoate, is a very efficient catalyst for promoting
gelation. This compound is a Lewis acid and should interact with basic sites on the
isocyanate and the polyol. In practice, a synergism between organometallic compounds,
such as Dabco® T-9, and tertiary amine compounds exists [1, 7, 9-12]. Since tertiary
amines are stronger Lewis bases than either isocyanates or polyols, it is expected that the
amine catalyst and the tin catalyst will complex. In foams, the level of Dabco T-9 is
critical since it controls timing of gelation [1, 13]. If there is too little T-9, expanding gas
bubbles tear the cell walls and the foam develops splits. If gelation occurs too quickly
due to an excess of T-9, the cell windows will be too strong for cell opening to occur, and
the foam will shrink [1]. In all samples synthesized in this work, the level of Dabco® T-9
was kept constant at 1 .4x10"^ g per g of polyol.
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Figure 2.10 Chemical structure of Dabco® T-9.
2.1.1.5. Water
Deionized water (18.2 MQcm"' nominal resistivity, Milli-Q purification system)
was used in all formulations.
2. 1 .2. Film Preparation
Reaction temperatures for the isothermal studies were chosen from points along
the adiabatic temperature profile of a 3.54 pphp foam (Figure 2. 1 1). For the foam,
reactants were mechanically mixed and poured into a styrofoam box lined with
polyethylene sheets. Thermocouple wires 0.003 mm in diameter were placed at various
heights inside the box. Thermocouples were connected to a Data Translation 707-T
board attached to a PC, and temperature data were collected at one-second intervals. The
program for data collection is in Appendix B. The curve in Figure 2.1 1 was generated
from a thermocouple placed near the center of the foam. Temperatures chosen for the
study were 50, 80, 100, 110, 130, and 150 °C. An x-T naming system is used to identify
the films throughout this thesis. The first number refers to the urea content and lists the
theoretical number of ureas per chain, either four or six, as explained at the beginning of
Section 2.1. The second number refers to the isothermal reaction temperature in degrees
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Celsius. Therefore, 4-1 30 refers ,o a film with four ureas per ehain tha, was synthesized
at 130 °C.
16a
Time (s)
Figure 2.11 Adiabatic temperature profile of a 3.54 pphp water foam (<4> ureas/chain)
based on 200 g polyol.
Film samples were prepared in a steel mold coated with a fluorocarbon release
agent (Fluoroglide®) and preheated to a specified temperature (±2 °C) in a press with
electrically heated platens. Unfortunately, the design of the circular mold prohibits
insertion of a thermocouple to measure the actual temperature of the film as it cures.
However, a separate experiment confirmed that small amounts of reacting material are
insufficient to induce an adiabatic state, so the material does not reach the maximum
temperature shown in Figure 2.11. In this experiment, a foam based on 50 g of polyol
was poured into a small aluminum box with one glass wall and an open top. The
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measured temperature profile is shown in Figure 2.12. Under non-adiabatic conditions,
the foam reached a maximum temperature of only 80 °C and rapidly began to cool. In
yet another experimem, it was shown that by heating the aluminum sides to an imtial
temperature of approximately 100 °C, the foam could be heated to match the surrounding
temperature (Figure 2. 1 3). The dip in temperature at ^20 seconds is the point at which
the foaming material was poured into the container. (In both Figure 2.12 and Figure
2.13, the three curves represent readings from three different thermocouples at various
places within the growing foam.) So, although it was impossible to verify that the
temperature of the curing film matched that of the mold temperature, based on Figure
2.12 and Figure 2.13 it seems reasonable to assume that this would be the case.
80
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Time (s)
Figure 2. 12 Non-adiabatic temperature profile of a 3.54 pphp water foam (<4>
ureas/chain) without external heating, (based on 50 g of polyol).
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Figure 2.13 Non-adiabatic temperature profile of a 3.54 pphp water foam (<4>
ureas/chain) with external heating, (based on 50 g of polyol).
To make films, polyol was mixed with an appropriate amount of Dabco T-9
catalyst; water and TDI were weighed into separate syringes. Catalysts and water were
weighed to within 0.002g of the formulation weight, and polyol and TDI were weighed to
within 0.02g. Amine catalysts and the polyol/T-9 mixture were weighed into a plastic
beaker and mixed. Water was then added and hand-mixed until the solution was clear.
TDI was added and mixed by hand for 1 5 seconds and then poured into the preheated
mold within 20-25 seconds of TDI addition. Trial and error has shown that samples are
highly sensitive to thermal history; therefore, timing of the steps in the process is
important. The mold was closed at 40-45 seconds and 15,000 pounds of force (~ 4 MPa
of pressure) were applied after 3 1/2 minutes. Samples were left at the mold temperature
for one hour before cooling began by running water through the press plates. Films
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produced in this manner were 0.9-1.3 mn, thiek and exhibited few macroscopic defects
such as bubbles or cracks. ATR spectra of a couple of duplicate films are shown in
Figure 2.14 and Figure 2.15. A detailed analysis of the spectral features will be given in
Chapter 4. For now, it should be noted that there are no major differences between the
two spectra shown in each figure, confirming that the films prepared by this procedure
were reproducible.
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Figure 2.14 Comparison ofATR spectra of replicas of film 4-130. (a) NH stretching
region (b) Carbonyl region.
continued next page
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Figure 2.14 continued
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Figure 2. 15 Comparison ofATR spectra of replicas of film 6-150. (a) NH stretching
region (b) Carbonyl region.
continued next page
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Figure 2.15 continued
2.2. Characterization Techniques
2.2. 1
.
Atomic Force Microscopy
Since its advent in 1986, the atomic force microscope (AFM) has been the subject
ofmany studies. Its ability to image features on very small length scales has found
application in a variety of areas, such as imaging of biological material, Langmuir-
Blodgett films, and metals [14-20]. Much of the initial work deaU with topographic
investigations. However, in recent years, other aspects ofAFM have become useful. In
particular, phase imaging techniques have become areas of active investigations due to
the ability of the techniques to image viscoelastic properties of surfaces.
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In contact AFM, the original mode, the probe operates in the repulsive region of
the interaction potential and scans over the surface with a constant force [16, 21-24]. In
force modulation mode, the AFM tip scans in contact mode over the sample surface
while modulating the force between the tip and the sample. The phase difference
between the modulated input signal and the response of the tip relates to viscoelastic
properties of the sample [16, 21, 24-30]. Through this technique, the phase-separated
structure of polystyrene/poly(vinyl methyl ether) blends and mixed monolayer films of
octadecyltrichlorosilane and 2-[(perfluorooctyl)ethyl]trichlorosilane were observed [16].
One of the major drawbacks of force modulation in contact mode is illustrated in
a study of polystyrene on mica and polyethylene oxide on mica [23]. Forces applied to
the polyethylene oxide during scanning modified the sample surface. In fact, surface
damage from strong lateral forces is a problem for contact scanning in general.
Development of tapping mode AFM created a viable option for studying soft samples
[31]. In tapping mode, the tip oscillates at its resonant frequency, usually 100-300 kHz,
above the surface of the sample. As shown in Figure 2.16, the cantilevers have very
narrow resonant curves. Since the scan rate, which is typically 1-2 Hz, is much slower
than the oscillating frequency, lateral forces on the sample are minimized. In most
samples, a thin water layer that can exert strong attractive forces on the AFM tip and
cause damage to the sample covers the surface [32, 33]. However, amplitudes of
oscillation in tapping mode are large enough for the tip to break free of this surface fluid
layer; therefore, large attractive forces are alleviated. The tip contacts or "taps" the
surface only at the bottom of its swing. Consequently, the contact time is very brief and
damage to the surface is abated. When the tip encounters a peak or a valley on the
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surface, the scanner position adjusts to maintain constant amplitude, and a topography
.mage is created based on the scanner movement. Overall, tapping mode is a much
gentler technique than contact AFM and can be used to image a wider variety of samples,
including polymers.
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Figure 2.16 Plot of amplitude (as measured in volts) vs. drive frequency for a 225 \im
AFM cantilever assembly.
In tapping mode, as in force modulation, shift in the phase curve of the sample
response relative to that of the input signal relates to viscoelastic properties. Movement
of the cantilever/tip assembly can be described by basic mechanical vibration theory [34-
36]. For any one dimensional oscillator, the equation of motion is as follows [37J:
c ^ , d^x R dx 2 FEquation 2.1 — + + col\ = —coscoL,
dt' m dt ° m
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where R is the frie.ional coefficiem, n, is *e reduced mass, F is the magnitude of the
applied force, co is the frequency of excitation, and «o is the unperturbed oscillation
frequency of the system. The displacement, x, and the phase angle, cp. are given below:
Equation 2.2 v = F
rcos(o)t-(p)
Equation 2.3 ^ COR
m(col -co')
ase
In AFM, R represents the interatomic interaction between the tip and the surface atoms
close to the tip. In a phase-separated structure, each domain has a different interatomic
potential, and as a result, each region shows a different phase shift. Therefore, the ph
shift at various locations represents the chemical composition in those regions.
The exact nature of the frictional term, R, is unknown; however, it depends on a
number of parameters. Factors such as the mechanical response of the surface, the
amplitude of vibration in air (Ao) of the cantilever, the feedback amplitude (Asp), the
amount of adsorbed water on the sample surface, and the sharpness of the tip contribute
to the tip/sample interactions and affect the phase shift. Nonetheless, it has been possible
to use tapping mode AFM to determine the morphology of many heterogeneous polymers
[28, 34, 38-43].
Equation 2.3 shows that the phase angle at the resonant frequency is 90°. As the
tip and the sample begin to interact, the effective resonant frequency changes, as does the
phase angle. The phase shift, A(p, is the signal recorded by the AFM and is
Equation 2.4 = — - tan(^.„
,
2
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where
<p,. is the phase angle of the interacting cantilever [34], A large contributor to the
phase shift is the mechanical response of .he sample. Although it has been suggested that
the viscoelastic response of the sample dominates the phase shift [35], the relaxation
frequency ofpolymers is much lower than the oscillating frequencies of 100-300 kHz
typically employed in tapping mode AFM [41]. Therefore, surface stiffness, S, is the
most important polymer property involved in A(p. For a spherical tip that leaves an
indentation radius, a, and depth, d.
Equation 2.5 S = £aE*,
where e is a constam and E* is the effective modulus given by [34]
Equation 2.6 -L = ^. '""2
E E, E,
Here Ei and Vi are Young's modulus and Poisson's ratio for the tip and E2 and D2 are
Young's modulus and Poisson's ratio for the sample. Since polymers are much softer
than the tip, Equation 2.6 reduces to
Equation 2.7 -L = ^"^2
Thus, Young's modulus of the polymer dominates the surface stiffness and the
phase shift since A(p~ S [34]. Materials with higher moduli give large phase shifts and
appear in the phase image. However, as shown in Equation 2.5, stiffness also depends on
the radius of indentation. This makes analysis of phase images much more difficult since
soft materials tend to have larger indentation areas, which, in turn, increase A(p. Whether
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the rigid phase appears bright or dark depends on experimental conditions, namely the
ratio (r.p) of feed back amplitude (A.p) to the amplitude of vibration in air (Ao) [34, 41].
The value of r^p reflects the force put into the sample [34, 41]. Values close to
one represent light tapping and values less than 0.2 are very hard tapping. The absolute
value ofAo is important as well. Tapping with r^p = 0.5 when Ao is four volts is more
forceful than in the case of rsp - 0.5 and Ao equals two volts. Experiments have shown
that the contrast in phase images can be reversed by altering Ao and rsp [34, 40, 41]. At
low Ao, the tip interaction strongly depends on the contaminating water layer; whichever
phase has greater capillary forces will appear dark in the phase image [41]. (Attractive
forces cause negative phase shifts and repulsive forces cause positive phase shifts [34].)
As Ao increases, the contamination layer becomes less important and stiffness dominates.
As rsp decreases and tapping forces increase, compliant regions indent more, causing
these areas to appear bright in the phase image. In the moderate range of 0.4<rsp<0.7, the
phase shift is determined by sample modulus [34, 41]. In this work, experimental
parameters were set so that fsp ~ 0.5 for all AFM images.
2.2.2. Infrared Spectroscopy
In the polyurethanes analyzed here, there are three distinct functional groups
useful for identifying the state of the polymer. Ether groups, which are in only the soft
block, are indicative of the soft segment. Urethane groups are found at the junction
between hard and soft segments, and the hard segment comprises urea groups alone.
(The polymer structure is illustrated in Figure 1
.8.) Each of these groups has a specific
resolvable frequency in an infrared spectrum; more importantly, the vibrations of these
groups are sensitive to environment and therefore can provide clues about the
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morphology. The particular environmental cues are hydrogen bonding interactions.
Figure 1
.8 shows that the only donors for hydrogen bonds are NH groups, which reside
only in the hard segments. Therefore, shifts in frequencies due to hydrogen bonding
reflect interactions with hard segments. Hydrogen bonded urethane carbonyls indicate
segmental mixing, while hydrogen bonded urea carbonyls point to aggregation of hard
segments. In this manner, morphology on the microscale can be inferred.
Because films prepared in this study were approximately 1 mm in thickness,
transmission IR was not possible. Therefore, a reflectance technique, attenuated total
reflectance (ATR), was necessary. In ATR, a sample is placed into contact with a crystal
of higher refractive index, n, [44]. The infrared beam approaches the interface from the
denser medium, the crystal. If the sample were not in contact with the crystal surface and
if the angle of incidence were greater than the critical angle, the beam would be
completely reflected; however, contact between the sample and the crystal creates an
evanescent wave that penetrates into the sample material [44]. The electric field
amplitude, E, exhibits an exponential decrease as it penetrates the sample:
-z
Equation 2.8 E = E^e''"
.
Here, z is the distance from the interface and dp is effectively the penetration depth of the
electric field. At the surface, where z-0, the electric field amplitude is Eo. As the field
penetrates the sample, z approaches the value of dp. The parameter dp is defined as the
distance at which the electric field has decreased to e'' of its initial value [44]. At deeper
penetration depths (z>dp), the electric field is greatly reduced. In contrast to transmission
IR, which samples all the material through the film thickness, ATR probes only the
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substance within the thickness defmed by dp. By varying crystal type (refractive index)
and angle, different penetration depths can be achieved:
Equation 2.9 A
2k
f 2\
sin^0-
)
In this equation, n, is the refractive index of the crystal, n^ is the refractive index of the
sample, 6 is the angle of incidence, and X, is the wavelength of radiation in the denser
medium. Once the radiation pervades the sample, part of it is absorbed before total
reflection transpires. In this manner, a spectrum similar to transmission IR can be
obtained.
For the experiments described in this dissertation, infrared spectra were obtained
on a Perkin Elmer 2000 with a 4x beam condenser (9 = 45°) ATR unit from Harrick
Scientific. A 10x5x1 mm single-pass parallelepiped KRS-5 crystal (n=2.4) was used.
Spectra are an average of 256 scans collected against a background of crystal and clean
aluminum foil at 2 cm"' resolution. Height of the 2971 cm-1 band, the CH asymmetric
methyl stretch [45], was used as a reference. No other correction or baseline adjustment
was performed.
2.2.3. MALDI Mass Spectrometry
Matrix Assisted Laser Desorption/Ionization (MALDI) mass spectrometry has
circumvented a major obstacle to the mass spectrometric analysis of large molecules -
sample volatility. Traditional mass spectrometry techniques ionize molecules in the gas
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phase, and as a result, are limited to the analysis of small molecules [46-48]. In contrast,
a light-absorbing matrix mediates ionization of the analyte in MALDI. One of the
appealing aspects ofMALDI is that the technique provides for the analysis of intact
molecules whereas other mass spectrometry techniques induce fragmentation [46, 48,
49]. The matrix facilitates a gentle energy transfer to the sample molecules, avoiding the
analyte fragmentation that would accompany desorption if the energy were absorbed
directly by the sample [47-49]. The choice of laser and laser intensity is important. The
sample must be transparent to chosen laser wavelength [46, 47]. Laser power should be
set above the threshold limit, which is the laser intensity below which no ions are
produced. The ionization curve is very non-linear, with a sudden increase in the number
of ions at the threshold value. At higher laser powers, ion production plateaus [50].
Therefore, a high laser power does not contribute to the signal and may induce
fragmentation of the sample [49]. Following desorption, the analytes travel across a
flight tube to a detector. Usually, many laser pulses or "shots" are averaged to improve
signal to noise [47, 48, 5 1 , 52]. The resulting sample spectrum is a plot of signal
intensity versus mass per charge (m/z). Since charges of one are typical in MALDI, the
peaks correspond to molecular masses [47-49, 53].
Unfortunately, the mechanism of ionization of the sample in MALDI is not
understood, although it is known that the matrix participates in the process [48, 53]. A
favored mechanism is one of excited-state acid/base chemistry [53, 54]. According to
this process, a proton-containing matrix, represented as mH, is electronically excited by a
laser pulse:
Equation 2.10 mH + hv^mH*.
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The excited molecule behaves as an acid, transferring a proton to the sample, M:
Equation 2.11 mH * +M m" + [M + H]^
.
This mechanism would most likely occur in the condensed phase where the concentration
of excited molecules is highest. Support for this process comes from the observation that
samples with high proton affinities, a necessary characteristic for Equation 2. 1 1 to occur,
tend to form an abundance of the [M+H]^ species [53]. However, the excited-state
acid/base chemistry scheme camiot account for all the experimental observations,
suggesting another mechanism, perhaps photoionization, is operative as well [53].
Matrix choice is a critical factor in determining spectral quality. The
requirements for a good matrix are stringent. The matrix needs to have high absorptivity
at the wavelength of the laser so the energy is not absorbed by the analyte [47, 48, 50]. In
practice, matrices have been limited to aromatic compounds with electron withdrawing
substituents [50]. Obviously, the matrix and the analyte must share a solvent, so
compatibility is important, as is the non-reactive nature of the matrix towards the sample
[47, 50]. Although MALDI is a "soft" ionization technique, in some cases matrices can
mduce fragmentation, [55, 56]. Apparently, fragmentation can occur during the proton
transfer from the acidic matrix to the sample (Equation 2.1 1). In those matrices with
especially high gas-phase acidities, an excess amount of energy transfers to the analyte,
causing it to fragment [56]. Hence, a desirable characteristic of a matrix is low analyte
fragmentation. In addition, because MALDI operates under a vacuum, good vacuum
stability is necessary [47, 49]. The final and toughest requirement is that the matrix must
promote ionization of the sample. Because the ionization process is not understood,
prediction of matrix performance is abysmal and very few of the matrices that match the
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other requirements actually work, so suitabihty is largely determined by trial-and-error
[47, 50].
Even within a given analyte/matrix system, spectral quality may vary. A typical
sample preparation technique involves making a solution of matrix and analyte and
rapidly casting a film onto a metal sample stage, the "target." During this process,
though, very heterogeneous matrix crystals form [47]. In order to have good spectra, the
analyte and the matrix must form a fine co-precipitant [49]. The importance of this can
be seen from a study of a protein, cytochrome c. The threshold value varied ±50% from
spot-to-spot on the sample; moreover, at a given laser intensity, ion yields varied
substamially across the sample surface [51]. The poor reproducibility correlates to
differences in size and shape of the matrix crystals, which, in essence, creates a
distribution of matrix/analyte ratios across the sample [47, 51]. In addition, there has
been some suggestion that the initial laser pulses preferentially desorb molecules of low
mass [52]. To lessen these problems, many shots are collected over the entire sample
surface.
Because MALDI utilizes a pulsed laser source, a time-of flight (TOP)
spectrometer is the natural choice [46-49]. Whenever the laser source pulses on, a timing
switch records the time as t-0. An electric field of strength Uex (in volts) is applied to the
sample ions to accelerate them into a field-free drift region. The molecules, in theory,
have the same kinetic energy, KE, given by
Equation 2.12 KE = zeU^^,
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where z is the charge of the ion (usually equal ,o one) and e is ,he charge of an electron.
1 .60x 1 0" C [47]. Recalling that mass, m, and velocity, v, are related to kinetic energy
gives the equation
^^^^^^on2.U KE = zeU =imv^
ex
2
Extraction into the f,eld-free region is vety rapid, so the ions spend the majority of the
time traveling the flight tube at a constant velocity [47]. Therefore, Equation 2. 1 3 can be
rearranged to
Equation 2.14 — = 2eU —
z Ax'
In this equation, mass is measured in kilograms, At is the flight time in seconds measured
from t=0 (the time of the pulse) and Ax is the length of the flight path in meters [47]. By
measuring the time it takes for a molecule to reach the detector, mass can be determined
as described by Equation 2.14. Because the molecules are given the same kinetic energy,
small masses travel faster and reach the detector sooner [46, 48, 49].
In practice, there are some molecules of equal mass that receive different kinetic
energies [46-49]. Without correction, these molecules would reach the detector at
different times and would appear as separate species in the spectrum. A reflectron TOP
analyzer rectifies this problem [46-49]. A reflectron TOP analyzer contains two field-
free regions connected by an ion mirror. If there are two molecules of the same mass but
different kinetic energies, El and E2, the molecule with the highest energy, El, will reach
the ion mirror at the end of the first field-free region before the other molecule does. This
molecule of energy El will spend more time in the reflecting region than the other
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molecule. This gives the slower molecule wi,h energy E2 time to enter and exit the
reflecting region. By the time the fast molecule leaves the reflecting region, the second
molecule has already traveled a portion of the second field-free region on its way to the
detector. Because the firs, molecule travels faster, it overtakes the slower molecule and
.he two identical masses reach the detector at the same time, thus compensating for the
spread in kinetic energy [47-49].
There is a problem with discrimination against high mass analytes. Most
detectors work by emitting secondary electrons when the analyte ions strike the detector
surface [46, 50]. However, detectors have a velocity threshold which must be overcome
for the electron emission to occur. Since velocity decreases with increasing mass, very
large molecules may not be able to evoke a response in the detector [46, 50]. This is
mainly a problem for extremely high molecular weight polymers, though. For the
oligomeric hard segments investigated in this project, mass discrimination from the
detector is not an issue. By MALDI standards, the molecular weights of the segments are
quite low.
2.2.4. Transmission Electron Microscopy
Transmission electron microscopy is a technique that can be useful for
determining morphology of a block copolymer or a blend, provided there is sufficient
contrast between the phases. In polyurethanes, in which phases are expected to be very
small, the high resolution ofTEM is an advantage over other microscopy techniques.
For TEM to be a useful technique, however, contrast is necessary. Since the
polyurethanes in this study are amorphous, contrast arises solely from mass-thickness
differences. This type of contrast is generated from incoherent, elastically scattered
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electrons. The Rutherford cross section, which reia.es to probability of scattering,
depends very strongly on atomic number, z. of the scattering atom [57]. For a film of
uniform thickness, which is usually achieved through mierotoming, scattering will be due
to just atomic mass of the specimen. In a phase-separated polyurethane, hard domains
are composed of elements with higher atomic masses than those in soft segments. Since
areas of higher mass thickness scatter more electrons, most of them will be scattered
beyond the aperture, causing those regions of the sample to appear dark. On the other
hand, the polyether phase scatters fewer electrons; these transmitted electrons cause the
son segment matrix to appear bright. The polyurethanes in this study possess enough
inherent contrast, so contrast enhancing techniques such as staining were unnecessary.
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CHAPTER 3
MECHANICAL PROPERTIES
3.1. Chapter Overview
In Chapter 2, a procedure whereby polyurethane films could be isothermally
synthesized was related. This chapter, Chapter 3, covers the mechanical behavior of the
films. Many of the mechanical properties of polyurethanes are treated similarly to filled
rubbers. The soft segment of a polyurethane serves as a rubbery matrix, while the hard
domains function as filler and physical crosslinks. In the polyurethanes in this study,
there is also chemical crosslinking, which makes the system even more analogous to a
rubber. Like filled rubber, the modulus of a polyurethane increases with volume fraction
of rigid material and, just as in the case of rubber, the degree of dispersion of the hard
phase plays a role as well. With this in mind, common models for describing modulus in
filled rubbers are reviewed in this chapter. Also included are experimental data for the
sample films. Modulus and hysteresis values indicate that domain morphology varies
with reaction conditions. The mechanical data indicate a continuity of rigid material in
the films made at 50 °C, which gives enhanced modulus. In contrast, the films prepared
at higher temperatures are weaker materials, indicating a lack of this connected structure.
Comparison between experimental and calculated moduli reveal that traditional filler
models cannot account for the high modulus observed. These models are deficient in
accurately describing the interconnectivity of the domain morphology.
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3.2. Modulus Theories
Many descriptive models for molecular responses, such as Young's modulus, bulk
modulus, thermal coefficient of themial expansion, etc. are found in the open literature.
Most, however, have severe constraims limiting their usefulness. The simplest models,
the isostrain and the isostress models, bound the range of expected values of modulus. In
most cases, though, the upper and the lower bounds are too widespread to be of much
use.
The upper limit is described by a model that assumes the two components respond
to a load in a parallel manner; in other words, each phase experiences the same strain [1,
2]. In this case, the moduli are additive and the composite Young's modulus, E^, is given
by
Eq^^tion3.1 Ec = Ejl-0) + E,0
where the subscripts m and f represent matrix and filler and is volume fraction of rigid
(filler) material. By nature of the assumption of isostrain, this model significantly
overestimates the mechanical response in particulate filled systems, though it is a fairly
accurate model for materials filled with continuous fibers [1].
At the opposite extreme is the case in which the two phases of a composite
experience the same stress. The composite modulus for this series model can be
calculated according to the following equation [1,2]:
Equation 3.2 =
This equation underestimates the real value of Ec because, in reality, stress fluctuates
between the rigid phase and the compliant phase. Particulate filled systems at low
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volume fraction should be better represented by this model than the parallel model,
though, since particles lack the continuity vital to approximating the isostrain constraint
[!]•
A semi-empirical relationship, the Halpin-Tsai equation, gives values of E. that
are between the upper and the lower elastic limits [1]. Composite modulus is described
by [1,3]
Equation 3.3 E = Mil^^
1-X0
The parameter X is related to ^, a fitting parameter, by
Equation 3.4 X =
~
Ef+^E„/
The parameter
^ measures the efficiency of load transfer to the rigid phase and
determines how closely the Halpin-Tsai equations mimic the upper and the lower elastic
bounds. As
^ approaches infinity, the Halpin-Tsai equation resembles the parallel model,
and it matches the series model when ^ = 0. Filler shape and packing geometry influence
^.
For continuous fibers, the transverse Young's modulus can be adequately fitted by
«5 = 2p (p is aspect ratio), a description also used for particulate fillers since these types
of fillers more closely follow the series model applicable to the transverse properties [1,
4]. The major drawback of the Halpin-Tsai equation is that it is a fitted model.
Therefore, experiments must be performed in order to determine ^ before it can be
applied. Even then, it is assumed that ^ does not change with volume fraction, an
assumption that may not be true if sample morphology or filler packing depends on filler
volume fraction.
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There are a number of hydrodynamic models, all of which are based on Einstein's
calculation for the viscosity of a dilute solution of rigid spheres:
^^""^^''^^^^
r], = 77^1 + 2.50).
In this equation ii^ is the viscosity of the composite and ti„ is the viscosity of the matrix.
This relationship holds in the case of Young's modulus, assuming a Poisson's ratio of
0.5, so the composite Young's modulus is similar in form [5]:
Equation 3.6 = £^(l + 2.50).
The main supposition in this equation, and in others similar to it, is that there is perfect
adhesion between matrix material and filler particles [5]. However, the usefulness of
Equation 3.6 is limited because it applies only to those cases in which filler particles are
in such low concentration that each particle acts independently [5, 6].
The equation was extended to higher volume concentrations by incorporation of a
packing factor, s. This equation, the Mooney equation, [6]
Equation 3.7 E, - E„, expf
accounts just for first order interactions (crowding). As in Einstein's original viscosity
equation, the Mooney equation applies to rigid, spherical particles. Brodnyan modified
the equation to allow for non-spherical particles by including aspect ratio, p [7]:
Equation 3.8 E^=E^exp
^2.50 + Q.4Q7(p-l)'^°'^
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The packing factor, s, ranges from 1.35 for spheres densely packed into a face-cen.ered
cubic lattice [6] to 1.91 for densely packed ellipsoids [7]. For hexagonally packed rods,
the value is 1 . 1
.
To allow for interactions between particles, the basic hydrodynamic model
expanded to include second order terms [8]. The equation is of the form
Equation 3.9
.
- E^l + c,0 + c,0^ +...)
where c, and C2 are constants. The first (}) term, as in the previous cases, relates to first
order interactions, while the (j)^ term accounts for interactions between particles [8]. With
the constants but without the higher order terms, the equation becomes
Equation3.10 = e4i + 2.50 + 14.10-).
As volume fraction of filler increases, filler particles may begin to contact each other,
forming a chain of filler. In this case, modulus increases much faster than predicted. The
particle aggregate can be considered as a rod shaped particle and can be described by an
aspect ratio [8]:
Equations. 11 E^, = E^(l + O.67p0 + 1.62py).
In these equations, it is always assumed that the modulus of the filler is much greater than
that of the matrix.
3.3. Experimental Results
All mechanical tests were performed on an Instron 1 123 mechanical testing
machine equipped with a 100 N load cell. Tensile bars were cut with a die to dimensions
specified by ASTM D- 1708-84 for microtensile test specimen, and the test speed was
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1 mm/min. Stress-strain curves were run in triplicate until each test bar broke. A fourth
bar from a different sample film was tested for replicas of 4-50 and 6-50. For each
sample, the modulus of the fourth tensile bar was within the error of the tluee tensile bars
from the other film. The data points for samples 4-50 and 6-50 in Table 3.1 are averages
of all four tensile bars, but the other values are averages of three. The reported modulus
values correspond to the initial tangent modulus.
For hysteresis curves, only one tensile bar was used for each sample. A single
tensile bar was loaded to a specific stress level and then unloaded. The film was given
fime to relax to zero stress before it was loaded to a stress 1 MPa greater than the
previous stress. For each film, this process was repeated, going to successively higher
stresses until the sample broke or until a maximum value of 10 MPa of stress was
reached. Modulus values for the hysteresis curves are initial tangent moduli of the
loading curves.
3.3.1. Stress-Strain Curves
Figure 3.1 to Figure 3.4 are stress-strain curves for 4-50, 4-150, 6-50, and 6-150.
In each case, curves for three different tensile bars overlap, indicating good
reproducibility. It is noteworthy that the shapes of the curves in Figure 3.1 and Figure
3.2 are different, even though these films have the same composition. (The same is true
for Figure 3.3 and Figure 3.4.) Similarly shaped curves have been observed in other
polyurethanes [9, 10]. When large, ordered domains were formed, a high initial slope
and a broad yield region, like that in Figure 3.1 and Figure 3.3, were observed.
Conversely, stress-strain curves resembling those in Figure 3.2 and Figure 3.4 were found
in materials with less ordered, smaller hard domains that were more homogeneously
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distributed in the matrix [10]. Therefore, the shapes of the stress-strain curves suggest
that the hard domains in 4-150 and 6-150 are more dispersed than in 4-50 and 6-50.
Further evidence of this comes from the average initial tangent moduli for each
sample, listed in Table 3.1 and plotted in Figure 3.5. As expected for a material with a
larger volume fraction, (j,, of hard material, all films formulated to have six ureas per
chain have higher moduli than those that theoretically contain four ureas per chain. The
reason for the scatter in the 6-series is unknown, though it may relate to reactant
miscibility. At 50 °C, the water content in the 6-series (5.31%) is at the threshold of
immiscibility with the polyol [11]. Since miscibility decreases with increasing
temperature, the reactants may undergo some phase change that causes perturbations in
the morphology and variations in modulus. This effect would be greater in the 6-series
since the 4-series contains less water. Interestingly, Figure 3.5 shows that modulus varies
with reaction temperature within a series of films of the same volume fraction. For each
set, modulus is highest in the film prepared at 50 °C. In films reacted at higher
temperatures, modulus is essentially constant, with the largest change in modulus
between reaction temperatures of 50 °C and 80 °C. If the shapes of the stress-strain
curves are used as indicators, then the lower modulus in materials prepared at high
temperatures is expected. Mechanical properties of polyurethanes are sensitive to
morphology, particularly degree of domain dispersion. For example, for a series of
polyurethanes with the same hard segment volume fraction but with different soft
segment lengths, materials with isolated hard domains exhibited lower moduli than those
with interconnected hard phases [12-15], which is consistent with the data in Figure 3.5.
A similar phenomenon is observed in rubbers reinforced with carbon black. When the
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filler is fmely distributed, modulus is much lower than when the Hilar particles aggregate
and forms domains that contact each other [16-21]. Thus, the contribution of domain
dispersion to modulus needs to be considered. The drop in modulus in Figure 3.5
indicates a transition from a connected rigid structure to isolated domains. The
transformation seems to occur between reaction temperatures of 50 °C and 80 °C.
Further evidence of interconnected hard domains comes from hysteresis data in the next
section.
0 50 100 150 200 250 300
% Strain
Figure 3.1 Stress-strain curves in triplicate for 4-50.
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Figure 3.2 Stress-strain curves in triplicate for 4-150.
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Figure 3.3 Stress-strain curves in triplicate for 6-50.
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Figure 3.4 Stress-strain curves in triplicate for 6-150.
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Figure 3.5 Effect of reaction temperature on initial tangent modulus of polyurethane
films prepared isothermally.
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Table 3.1 Initial Tangent Modulus Values for Polyurethane Films,
Reaction Temperature
(°C)
3.3.2. Hysteresis
The modulus values described in the previous section indicate a change in the
type of domain morphology. In particular, it suggests a structure of interconnecting rigid
material in films prepared at 50 °C. Hysteresis response is a good probe of such
morphology and was used to further test the nature of the hard domain distribution.
As an example, hysteresis curves for 4-50 are illustrated in Figure 3.6. The
legend refers to the stress to which each curve is loaded. When the sample is loaded to
low stresses, there is practically no dissipated energy, and the loading and unloading
curves for two successive loadings to 2 MPa of stress superimpose (Figure 3.6a).
However, as the tensile bar is pulled to higher levels of stress, the loading and unloading
curves become more widespread, pointing to an increasing amount of dissipated energy.
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Figure 3.6 Hysteresis curves of 4-50 loaded to successively higher stresses, (a) low
stresses (b) high stresses.
70
The total energy dissipated in each cycle, calculated as the area between the
loading and the unloading curves, is plotted versus maximum stress in Figure 3.7 for all
samples. Again, at low stresses (below 2 MPa), all energy used in stretching the sample
is recovered in every sample. As the maximum stress increases, the amount of energy
dissipated increases, especially for the series of samples with the higher soft segment
content. Starting at 4 MPa, the plot of total dissipated energy for the 4-series begins to
significantly turn upwards. The 6-series does not exhibit this feature until the stress
reaches 7 MPa. Within each series, though, the films prepared at various temperatures
are superimposable to a point. At 6 MPa of stress for the 4-series and 8 MPa for the 6-
series, the films synthesized at 50 °C begin to dissipate much more energy than the films
prepared at other temperatures. Both reach a maximum amount of dissipated energy of
0.3 J, which is a very low amount. Of course, these materials are elastomers and are
expected to recover most of the energy spent on deformation.
If the curves are replotted in terms of percent of the total energy put into the
system during deformation. Figure 3.8, it can be seen that for every sample, the percent
energy increases to some value; at stresses beyond that point, the percentage of energy
that dissipates is constant. Some curves do not display this behavior, perhaps because the
samples broke at low stresses. This can be seen more clearly in Figure 3.8b, in which just
the curves for the films prepared at low temperatures are shown. At low stresses, the
samples containing 76% soft segment exhibit a much higher percent energy loss than the
6-series, but both 4-50 and 4-80 plateau around 4-5 MPa of stress. The films with 70%
soft segment continue to disperse increasing proportions of energy. At approximately 8-9
MPa of stress, these curves also display a plateau. Because the 4-series plateaus at lower
71
stresses, there is a crossover in the hysteresis values so that samples with more hard
segments have higher hysteresis at large stresses. In addition, the percent hysteresis tends
to decrease as reaction temperature increases.
0.3
0.25
0.2
bJD 0.15
W 0.1
oH 0.05
0
•0.05
0 2 4 6 8 10
Maximum Stress (MPa)
12
Figure 3.7 Total energy dissipated during cyclical loading as a function of maximum
stress of each cycle.
Comparing Figure 3.8 with Figure 3.1 and Figure 3.3, it is apparent that the
plateaus in the percent energy curves for the films made at 50 °C roughly correlate to the
non-linear region of the corresponding stress-strain curves. In an interconnected rigid
structure, which is suspected for 4-50 and 6-50 based on the high modulus values and the
shapes of the stress-strain curves, there is a rapid rise in hysteresis at small strains
(stresses) but the amount of hysteresis plateaus at larger strains [12-14, 21, 22]. In
contrast, hysteresis becomes larger with increasing strain but at a much slower rate in
morphologies with isolated hard domains [12-14, 22]; moreover, the total amount of
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hysteresis is lower because deformation of tl,e rubbery matrix is entropic [15]. Figure 3.8
shows that an increasing portion of the deformation energy is spent on some type of
irreversible process
- either generation of hea, due to friction or manipulation of sample
morphology
-
at small strains. This hysteresis behavior, like the very high modulus
values, indicates a structure of intercomiected hard domains in the films prepared at 50
°C. The intercomiected rigid areas must be disrupted before the sample can deform; as a
consequence, most of the initial stretching energy is spent on distorting the continuous
rigid structure. Once the continuity of the structure is broken, the sample should deform
more easily.
(a)
Figure 3.8 Percent energy dissipated during cyclical loading as a function of maximum
stress of each cycle, (a) all curves (b) select curves.
continued next page
73
Figure 3.8 continued
60
50
W 30
20
10
0.
*-4-50
^4-80
^ 6-50
«- 6-80
2 4 6 8 10
Maximum Stress (MPa)
12
(b)
The effects of disrupting the continuous hard structure are evident in Figure 3.9.
Each data point corresponds to the modulus of the curve loading to that particular stress
level. In other words, the modulus value that is plotted at 6 MPa, as an example, reflects
the effects of loading to 5 MPa and unloading, since the initial modulus is calculated on
the loading curve going to 6 MPa. The figure shows that modulus significantly drops
during the cycling process, with the films prepared at 50 °C being especially sensitive to
deformation history. For both 4-50 and 6-50, there is an apparent slope change in the
modulus response to stress. For sample 6-50, this change occurs at approximately 6
MPa, while for 4-50 it is at roughly 5 MPa. There is no apparent break in the 4-80 plot,
but 6-80 exhibits a slope change at 7 MPa. As with the plateaus in percent hysteresis
plots, the breaks in the modulus curves correspond to the areas of non-linearity in the
stress-strain plots. Past the non-linear region, modulus decreases at a much faster rate
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with respect ,o stress level. This indicates that whatever processes operate to dissipate
energy in the films also manipulate motphology to an extent that some reinforcement
properties are lost.
Based on the hysteresis behavior, it seems reasonable to conclude that disruption
of hard domain intercomiectivity is responsible for the decrease in modulus; this process
is also the source of the yield region in the stress-strain curves, which explains the
coincident nature of the transitions in the plots. In a number of systems, it has been
shown that intercomiectivity of a rigid phase - regardless of whether it is a carbon black
phase in filled rubber [16, 18-21] or a glassy polystyrene phase in a
polyisoprene/polystyrene/polyisoprene triblock copolymer [23] or an aromatic hard
segment phase in a polyurethane [12-14] - is responsible for enhancing modulus.
Therefore, the modulus of the material decreases as the cyclical loading disturbs the
interconnectivity. The samples which had less hysteresis, those prepared at high
temperatures, did not experience significant drops in modulus. This suggests that these
samples were less affected by the deformation process and indicates a morphology of
isolated hard domains [12-14, 24-26], as inferred from the shapes of the stress-strain
curves. There are slight decreases in modulus for these samples, but the source is most
likely some plastic deformation within the hard domains. It should be noted that the
energy required to induce these changes is quite small since the maximum amount of
energy dissipated in a single cycle was only 0.3 J.
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Maximum Stress (MPa)
Figure 3.9 Initial modulus of each cyclical loading curve as a function ofmaximum
stress.
From the mechanical data as a whole, a number of conclusions can be drawn
about sample morphology. High modulus, plus high hysteresis at low elongation or
stress, indicates an interconnected morphology in the films prepared at 50 °C. In
contrast, the films prepared at higher temperatures seem to lack this interconnectivity and
probably contain isolated rigid domains in the soft, rubbery matrix. This causes the
modulus to be lower, even at the same hard segment volume fraction, than the more
continuous structure. It also causes less hysteresis since deformation is mainly in the
rubber portion.
3.4. Discussion
An attempt was made to use the models described in Section 3.2 to calculate
modulus of the materials described in Section 3.3. As will be shown below, these
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common models are inadequate for describing
.he meclranica. properties of the
polyurethane films, especially in samples with intercomtected hard phases.
Part of the difficulty in calculating modulus lies in the lack of information about
the components, particularly for the compliant phase. In its unreacted state, the soft
segment is a liquid, but it forms a crosslinked network when it reacts in the polyurethane.
A major drawback of all of the models listed in Section 3.2 is that none of them explicitly
consider crosslink density. The hydrodynamic equations are used extensively in the
carbon black filled rubber field, but in these situations, it is possible to create an unfilled
vulcanizate to estimate the value of E,„. This is much harder to do for the current
polymer, not only because it is impossible to measure the modulus of the crosslinked soft
segment without incorporating some amount of hard phase, but also because the hard
domains act as additional crosslinks. However, material values for Young's modulus, E,
and Poisson's ratio, u, were assumed for these calculations (Table 3.2).
Table 3.2 Material Values.
Phase E (MPa) G (MPa)
soft 2 0.4997 0.667
hard 4300 0.41 1524.8
Bicerano of The Dow Chemical Company, Midland, MI,
Bulk modulus, G, was calculated from G
(b)
2(1 + v)
The results are presented in Table 3.3. The upper and the lower elastic bounds and the
Halpin-Tsai equation are solved for composite Young's modulus. The other values are
for relative modulus, Ec/Em, which is a measure of the modulus enhancement over the
unfilled case.
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Inspection of Equation 3.1, Equation 3.2, and Equation 3.6 shows that the only
variable for a given polymer system is volume fraction; therefore, it is impossible to
explain the modulus behavior as a function of reaction temperature using these equations,
since volume fraction is the same within each series. However, given the
intercom^ectivity of the hard domains in 6-50, it is expected that the parallel model, the
upper elastic bound, would best represent such a continuous structure. Yet, comparison
of the modulus value of 6-50 in Table 3.1 shows that the calculated value of 1291 MPa
severely overshoots the measured value of 137 MPa. Lack of agreement may indicate an
inappropriate value for the matrix or the hard segment modulus; however, these values
are in agreement with others reported in the literature [27]. It is more likely that the
discrepancy between the upper bound model and the experimental value is due to the
hard domains not being continuous throughout the entirety of the material. Instead, there
are regions within the matrix where hard domains connect, but there are other regions
lacking this continuity.
The hydrodynamic models give relative moduli, but, like the other models, these
fail as well. Assuming films prepared at the same temperature have similar packings and
similar aspect ratios, the ratio of the relative modulus of samples with different hard
phase volume fractions should equal the ratio of the composite moduli:
E,
Equation 3.12 —^ = _^
— 02
since the films have the same matrix. As given in Table 3.1, the modulus of 4-50 is 52
MPa and that of 6-50 is 137 MPa, giving a ratio of 2.6. Table 3.4 shows that none of the
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models accurately predict the enhancement in modulus as volume fraction of rigid
material increases from 0.24 to 0.30. In fact, the models underestimate the reinforcement
effect by about half
Table 3.3 Modulus Calculations from Common Models,
(), s, p Model Equation Ec (MPa) Ec/E„,
0.24, 1.1, 2.8 Upper Bound 3.1 1033.5
Lower Bound 3.2 2.6
Halpin-Tsai 3.3 3.1
Smallwood 3.6 — 1.6
Mooney 3.7 — 2.3
Brodnyan 3.8 — 3.1
Guthl 3.10 — 2.4
Guth2 3.11 — 2.2AO/1 irii '^oU.z4, 1.91, 2.8 Upper Bound 3.1 1033.5 —
Lower Bound 3.2 2.6 —
Halpin-Tsai 3.3 3.1 —
Smallwood 3.6 — 1.6
Mooney 3.7 — 3.0
Brodnyan 3.8 — 4.7
Guthl 3.10 — 2.4
Guth2 3.11 -- 2.2
0.30, 1.1, 2.8 Upper Bound 3.1 1291.4 —
Lower Bound 3.2 2.9 —
Halpin-Tsai 3.3 3.8 —
II 1Smallwood 3.6 — 1.75
Mooney 3.7 — 3.1
Brodnyan 3.8 — 4.8
Guth 1 3.10 3.0
Guth2 3.11 2.7
0.30, 1.91,2.8 Upper Bound 3.1 1291.4
Lower Bound 3.2 2.9
Halpin-Tsai 3.3 3.8
Smallwood 3.6 1.75
Mooney 3.7 5.8
Brodnyan 3.8 11.6
Guthl 3.10 3.0
Guth2 3.11 2.7
p values were calculated based on the most favored conformational state of a single
MDI/butane diol hard segment.
79
Table 3.4 Ratio of Relative Moduli Calculated From Filler Theories.^''^
Model
Mooney
Brodnyan
Guthl
Guth2
Equation
3.7
3.8
3.10
3.11
Calculated for the case with s=l.l and p=2.8
Calculated
Ec (,i,=0.3)/Ec (^=0.24>
1.4
1.5
L2
1.2
A major impediment to using these models is the lack of concrete information
about the polymer microstructure. To some degree, aspect ratio in the equations can be
altered to more precisely describe the state of the reinforcing particles. As particles begin
to contact each other, the concept of aspect ratio of a single chain (or hard segment) is
meaningless. Instead, the entire aggregated structure must be considered. Guth's
modified equation is particularly sensitive to aspect ratio of aggregated particle domains,
as would be formed at filler concentrations greater than 10% [8]. As shown in
Figure 3.10, an aspect ratio of approximately 25 is sufficient to increase the relative
modulus by about 100 for the case of (t)=0.30. Assuming Em=2 MPa, the modulus of 6-50
is 69 times greater than that of the matrix. According to Figure 3.10, this corresponds to
a domain with an aspect ratio of approximately 21. A previous study showed that the
hard domains in a commercial polyurethane containing MDI/butane diol hard segments
had aspect ratios of less than four [28]. Therefore, an aspect ratio of 21 is much too high
for a single hard domain. However, it is within the realm of possibility for an
interconnected set of domains,
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Aspect Ratio
Figure 3.10 Plot of Equation 3.1 1 for different volume fractions of hard material.
3.5. Conclusions
Most models of polyurethane morphology consider hard domains to be composed
of hard segments with very little soft segment incorporated into the domain. This means
that domains must be roughly the same lengths as individual hard segments, though the
lateral dimensions may be much larger. It is difficult to imagine such an isolated domain
with an aspect ratio of over 20, the value needed to accurately refiect modulus using
existing models. However, if hard segment domains were connected somehow, the
joined domains could have an effective aspect ratio in this range. The drop in modulus as
a function of reaction temperature, as well as the decrease upon successive loading in a
single sample, can be explained as a change in this effective aspect ratio. In other words,
the connections among domains depend on sample history. There is a high degree of
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hard domain connectivity, which is lost upon repeated deformation, in 4-50 and 6-50.
The lack of such structure in films prepared at higher temperature causes the materials to
be much softer. A more complete morphological description of the films as a function of
reaction temperature and the factors that control the structure development are covered in
the following chapters. In Chapter 6, a model describing the nature of hard domain
interconnectivity is proposed.
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CHAPTER 4
MORPHOLOGY AS A FUNCTION OF REACTION TEMPERATURE
4. 1
.
Chapter Overview
In Chapter 3, the mechanical behavior of two series of films prepared at various
conditions was explored. Based on modulus and hysteresis, it was concluded that the
films synthesized at 50 °C contained interconnecting rigid phases. There were
indications that the materials prepared at higher temperatures did not have such
structures. Instead, these materials probably comprise isolated hard domains that perhaps
lack a high degree of packing, judging by modulus. In Chapter 4, the microstructures of
the films are investigated through infrared spectroscopy and two microscopy techniques.
By using this combination of techniques, it was possible to probe domain morphology at
a variety of length scales and to confirm the microstructure responsible for the measured
bulk properties discussed in Chapter 3.
4.2. Infrared Spectra
One of the easiest ways to determine the state of a polyurethane is through
infrared spectroscopy. Due to the thickness of the polyurethane films in this study,
attenuated total reflection spectroscopy (ATR) was used rather than transmission IR. The
principles ofATR were covered in Section 2.2.2.
ATR spectra of the series with four ureas per chain and six ureas per chain are
shown in Figure 4.1 and Figure 4.2, respectively. It should be noted that all ATR spectra
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were collected at room temperature, and the temperatures in the legends refer to reaction
temperatures. All spectra within a series were normalized to the height of the 2971 cm"'
band, the asymmetric CH stretch of the methyl group [1]. Comparison of Figure 4.1 and
Figure 4.2 with the spectra of the pure polyether soft segment. Figure 4.3, shows that the
bands at 2800-2971 cm'' are mostly due to the CH stretch of groups in the soft segment.
The NH stretching region is also evident in Figure 4.1 and Figure 4.2. In theory, the NH
region could provide information regarding the morphology of polyurethanes. However,
the absorption coefficients of the NH stretching bands are highly dependent on hydrogen
bond strength [2, 3]. The two moieties involved in a hydrogen bond establish a
resonance structure between a simple hydrogen bond and a coordinating bond.
Formation of a coordinating bond is accompanied by electron transfer from the acceptor
molecule to the hydrogen donor. This charge transfer process is responsible for the
change in band intensity with frequency [4]. As a result, it is difficult to use the NH
stretching region for interpreting phase morphology. Therefore, the carbonyl stretching
region, the Amide I region, was used for analysis.
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Figure 4. 1 ATR spectra of films with <4> ureas per chain. The legend refers to reaction
temperature, (a) NH stretching region (b) carbonyl stretching region.
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Figure 4.2 ATR spectra of films with <6> ureas per chain. The legend refers to reaction
temperature, (a) NH stretching region (b) carbonyl stretching region.
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Figure 4.3 Transmission IR spectrum of Voranol® 3137 polyether between two CaF2
windows.
4.2.1. Band Assignments
Figure 4.3 shows that no bands from the soft segment overlap the Amide I region,
so all peaks between 1800 cm"' and 1500 cm"' are due to either hard segments or urethane
linkages. Within the carbonyl stretching region, there are many bands due to a variety of
structures. At the high frequency end, 1700-1735 cm"', are the urethane carbonyl bands,
with the non-bonded species at the upper end of the range and the hydrogen bonded
structures at the low frequency end. Urea bands occur in the 1620-1710 cm"' region.
There is some overlap in frequency at the boundary of the two groups. For this reason,
proper band assignments are imperative.
As shown in Figure 4. lb, the carbonyl region of the series with four ureas per
chain, a sharp, intense band appears at 1640 cm"' in sample 4-50. A previous study has
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assigned the carbonyl stretch of symmetrically disubstituted ureas in the region from
1620 to 1650 cm-' [5]. The specific peak at 1640 cm"' has been attributed to a crystalline
or ordered urea for several types of disubstituted urea compounds [6, 7], although the
band has been reported as low as 1630 cm'' [8]. The transmission spectrum of a
symmetrically disubstituted model compound, diphenyl urea, in its solid, crystalline
form, shows a sharp peak at 1648 cm"' (Figure 4.4). Therefore, the band at 1640 cm"' is
assigned to an ordered urea structure. It has been reported that such a structure consists
of a single urea carbonyl hydrogen bonded to two NH groups from another urea group [8,
9]. Evidence for this comes from a study of polyurethane produced by extending 2,4-TDl
with ethylene diamine with poly(tetramethylene oxide) as soft segment [10]. The
infrared spectrum showed that most of the NH groups were hydrogen bonded. Since the
degree of phase mixing was quite low, it was assumed that very few of the NH groups
were hydrogen bonded to ether oxygens in the soft segment. Therefore, the NH groups
were bonded either to urethane or to urea carbonyls. However, the number ofNH groups
exceeded the total number of carbonyls. Therefore, it was concluded that two NH groups
were hydrogen bonded to a single urea carbonyl, an especially favored position given that
each urea carbonyl is between two NH groups. It should be noted that the appearance of
the 1640 cm'' band correlates with hard segment length, a phenomenon which was
attributed to a greater extent of this three dimensional structure in long hard segments.
For example, at a soft segment molecular weight of 1 000, a sample with two ureas per
chain (29% hard segment) did not form the 1640 cm'' band, but a sample with eight ureas
(53% hard segment) did. This was not simply due to an increase in urea content, as a
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sample with a 2000 molecular weight soft segment with just 30% hard segment but with
eight ureas also showed evidence of the band [10].
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Figure 4.4 Transmission IR spectra of diphenyl urea as a solid in pellet form with KBr
and cast from acetone.
In the materials prepared at higher reaction temperatures, significant changes are
observed in the carbonyl region (Figure 4. lb). In the film prepared at 80 °C, there is still
evidence of a band at 1640 cm'', but it is diminished in intensity and is slightly broader.
In addition, a broad peak in the region of 1650-1670 cm"' has begun to appear. As
reaction temperature increases further, the final structure exhibits less of the 1640 cm"'
band, while the broad peak at higher frequencies intensifies. The absence of the 1640
cm"' band has been attributed to the consumption of urea during formation of biuret [11].
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However, since the band at 1640 cn.- corresponds to an ordered structure, its absence
may simply signify a disordered urea structure.
In order to elucidate the nature of the broad band at M660 cm"', a model biuret
compound was synthesized from the symmetrically disubstituted diphenyl urea ai.d
phenyl isocyanate [12]. The transmission IR spectra of the resulting compound, cast
from acetone and heated to different temperatures, are shown in Figure 4.5.
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Figure 4.5 Transmission IR spectra as a function of temperature for a biuret model
compound cast from acetone.
A broad band appears at 1670 cm"' and a more intense band occurs at 1716 cm"'. As the
temperature of the cast film is increased, the broad band at 1670 cm"' splits into two
narrower bands at 1675 cm"' and 1665 cm"'; meanwhile, the band at 1716 cm"' narrows
and shifts to 1 707 cm''. Thus, it appears that with an increase in temperature, the biuret
model compound crystallizes. In the spectrum of the biuret model compound at 120 °C,
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the relative intensity of the carbonyl stretching band at 1707 cm"' is diminished in
comparison to the spectra collected at lower temperatures. This may indicate some
degradation of the structure. Biurets are thermally unstable and are reversible at
temperatures in the range of 100-170 °C [13-16], with the rate increasing with
temperature [13, 16].
It is unlikely that a biuret structure formed during the synthesis of a polyureth
will be ordered. Comparison of the as-cast, disordered biuret with 4-150 in Figure 4.1b
shows that the broad peaks in the 1650-1670 cm"' region are similar. However, there are
discrepancies in the 1700 cm"' region. The disordered biuret structure exhibits a peak at
1716 cm-'. If the appearance of the broad band at -1660 cm"' signifies biuret, then there
should be a corresponding increase in the band around 1716 cm"'. Instead, as a function
of reaction temperature, the occurrence of the broad 1660 cm"' band is accompanied by a
decrease in the 1714 cm"' band intensity and the emergence of a band at 1722 cm''.
Therefore, it seems improbable that the broad band at -1660 cm"' is due solely to biuret.
Besides, the rate of decomposition of biuret increases as a function of temperature [13,
16], making formation of biuret at elevated temperatures, particularly 150 °C, unlikely.
A much more plausible explanation is that the broad band at -1660 cm"' is
characteristic of a disordered urea structure. Attempts to cast a film quickly to create a
disordered diphenyl urea structure failed because of the rapid rate of crystallization. As
shown in Figure 4.4, the film cast from acetone still shows the ordered band. However,
there have been many reports of a disordered urea band appearing in the vicinity of 1660
cm"' [8, 17, 18]. A liquid, urea-capped polyether exhibited IR absorption bands at 1664
cm'' and 1694 cm"', which were ascribed to the disordered and free urea carbonyl,
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respectively [1 8]. Model amorphous urea compounds rapidly cast from solution
exhibited disordered bands at 1650 cm''. When mixed with a polyether, the carbonyl
band of the amorphous urea shifted to 1665 cm''. The shift was tentatively assigned to a
hydrogen bonded urea carbonyl that was adjacent to NH groups involved in hydrogen
bonding with an ether oxygen [8]. This band at 1660 cm'' was also observed in polyurea
urethane samples with hard segments below a critical length [10]. Regardless of the
exact nature of the hydrogen bond, the broad band at -1660 cm"' can be assigned to a
disordered, hydrogen bonded urea carbonyl structure.
Although the formation of biuret at elevated temperatures is improbable due to its
thermal instability, cyclic trimer (isocyanurate) is a thermodynamically stable structure
and is irreversible up to 200 °C [19]. Once formed, then, the cyclic trimer will remain
under the reaction conditions in this study. The infrared spectra of a triphenyl
isocyanurate model compound as a solid and cast from solution are shown in Figure 4.6.
There are several peaks in the carbonyl stretching region; however, these bands would be
obscured by urea and urethane bands in the infrared spectra of the polyurethane films.
Therefore, the bands at 1400-1430 cm"' are much better indicators of the isocyanurate
structure and are often used as such [20-22]. As can be seen in Figure 4.1 and Figure 4.2,
the intensity of the band at 1410 cm'' corresponding to the cyclic trimer structure is
increased in samples prepared at high reaction temperatures. This suggests that a greater
amount of isocyanurate formed in samples prepared at 150 °C compared to those
synthesized at 50 °C.
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Figure 4.6 Infrared spectra of model cyclic trimer compound as a solid in KBr pellet
torm and cast from acetone onto a KBr window.
The urethane carbonyl stretching region appears at 1700-1730 cm"' (Figure 4.1b
and Figure 4.2b). In sample 4-50, there are two bands in this region, one at 1 714 cm"'
and the other at 1727 cm"'. The lower frequency band has been assigned to a hydrogen
bonded urethane carbonyl and the other to a free urethane carbonyl [18, 23, 24].
Although the free urea band appears at 1695-1710 cm"' [6, 7, 18, 24], its contribution to
the 1700 cm"' band will be ignored since it is anticipated that there will be very little or
no free urea in the ordered structure of sample 4-50. In samples prepared at higher
temperatures, the free urethane component has substantially decreased and a single, fairly
broad peak at 1 722 cm"' has appeared.
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4.2.2. Analysis
Based on the infrared data, which is similar for both series of films, it can be
concluded that a well ordered, phase-separated structure exists in the films prepared at 50
°C. In a phase mixed state, it is unlikely that two hard segments will interact in the
specific mamier required for the sharp band at 1 640 cm"'
. In addition, the urethane
carbonyl band at 1727 cm"' in samples 4-50 and 6-50 indicates some of the urethane
groups are not hydrogen bonded. Urethane groups connect hard segments and soft
segments and most likely are at the outer edges of a highly organized hard domain to
minimize the amount of soft segment entrapped within a domain. Incorporation of soft
segment into a hard domain has been shown to be very unfavorable entropically [25]. If
this is the case, expulsion of the urethane groups to the periphery of the organized hard
domains will enable some of the urethane carbonyls to be free of hydrogen bonds, as
observed in samples 4-50 and 6-50, though lack of hydrogen bonding may also indicate
dispersion of hard segments into the soft matrix. Nonetheless, the presence of the free
urethane carbonyl band, in conjunction with the ordered hydrogen bonded urea band,
indicates a highly organized, phase-separated structure formed at 50 °C.
Films prepared at 80 °C exhibit some order but not to the extent shown by those
formed at 50 °C. Highly organized domains, as evidenced by the 1640 cm"' band, coexist
with disordered domains. Concurrent morphologies like this have been observed in other
polyurethaneureas [26]. Morphologies prepared at successively higher temperatures
demonstrate decreasing amounts of order until only a disordered, but still phase-separated
structure, remains at 150 °C. In all samples, a hydrogen bonded urea carbonyl band is
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observed, indicating tliat a completely phase mixed state without interactions between
hard segments was never attained.
Foams reach temperatures as high as 150 °C, yet each spectrum in Figure 4.7
exhibits a band at 1640 cm"'. This signifies order with hard domains, though, admittedly,
the band is neither as sharp as nor as intense as that observed in the films synthesized at
50 °C (Figure 4.1 and Figure 4.2). The ordered urea band implies that hard domains
organized before the temperature reached 150 °C. This is a different situation from
reacting at 1 50 °C, a temperature at which other process may prevent domain formation.
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Figure 4.7 Carbonyl stretching region ofATR spectra of foams with different urea
contents.
The infrared data suggest that hard domains in the films prepared at 150 °C are
organized differently than those prepared at 50 °C. The shift in the urethane band to
lower frequencies in samples 4-150 and 6-150 means that urethane groups interact with
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NH groups of other hard segments. Inclusion of urethane groups into hard domains
probably entails dragging some soft segment into the domain since the urethane group is
directly attached to the soft segment. Presumably, the urethane groups in the disordered
hard domains still reside near the edges of the domains to minimize the amount of soft
segment in the hard domains; yet, there must still be some interaction of the urethane
groups with hard segments to account for the lack of a non-bonded urethane component.
Soft segment contained within a hard domain could cause tilting of the hard segments to
such a degree that the specific packing required for the 1640 cm"' band is disrupted. This
could account for the breadth and position of the urea carbonyl band in the samples
reacted at 150 °C. On the other hand, it is conceivable that a slight adjustment in packing
could cause hard segments to translate relative to each other, rather than tilt. Such an
offset may disturb the hydrogen bond alignment sufficiently that the bidentate structure
associated with the 1640 cm"' band is no longer present. It is known that hydrogen bonds
are very sensitive to subtle variation in positions. In both scenarios just presented, a hard
domain could still exist but just have a lower degree of packing and a broader interface
compared to the highly organized structure in samples 4-50 and 6-50. In order to gain a
better understanding of the morphology on a larger size scale, additional characterization
through microscopy was done.
4.3. Microscopy
As explained in the previous section, analysis of infrared data indicates an
extremely organized structure exists in polyurethanes prepared at 50 °C. As reaction
temperature increases, the degree of order diminishes until either a loosely organized or a
completely disordered structure remains. In this section, the morphological features
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observed by TEM and AFM are covered. The details of these characterization techniques
were covered in Sections 2.2.4 and 2.2.1.
4.3. 1
.
Transmission Electron Microscopy
Figure 4.8 and Figure 4.9 show TEM micrographs of samples 4-50 and 6-50 at
different magnifications. At a magnification of 15,000x, a network-like structure of dark
material pervades a light matrix. In these unstained thin sections, contrast is due to
differences in scattering between phases. Hard domains scatter more of the electron
beam, causing these regions to appear dark [27]. Hence, the micrographs in Figure 4.8a
and Figure 4.9a show a network of hard domains through the soft matrix. These
micrographs are reminiscent of morphologies found in the initial stages of spinodal
decomposition. At higher magnifications (Figure 4.8b and Figure 4.9b), the hard regions
still appear continuous, but there are no morphological details within the dark regions. At
the highest magnification of 60,000x, shown in Figure 4.8c and Figure 4.9c, the dark
regions still appear featureless and continuous. In sample 6-50, the features are
essentially the same as those found in sample 4-50, but the content of the dark material
seems greater; in addition, the contrast is better. These observations are consistent with a
greater urea content in the series with six ureas per chain.
TEM micrographs of samples 4-150 and 6-150 at various magnifications are
shown in Figure 4.10 and Figure 4.1 1 . Note that these magnifications match those in
Figure 4.8 and Figure 4.9. At the lowest magnification, these samples appear completely
homogeneous, in contrast to the phase-separated structures observed in Figure 4.8 and
Figure 4.9. In Figure 4. 1 Ob and Figure 4.11b, which are micrographs magnified by
30,000, fine grains begin to appear, which are more apparent in Figure 4.10c and Figure
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4.1 Ic. The dark grains represent dispersed hard segments, ahhough this does not
necessarily imply isolated hard segments. Rather, these areas are probably very small
aggregates of hard segments that do not possess much intradomain order. Though it is
difficult to define domain sizes based on these TEM images, it is apparent that the
contrast in the micrograph of sample 6-150 (Figure 4.1 1) is greater than that in sample 4-
1 50 (Figure 4. 1 0). Such contrast enhancement is expected in the series of samples with
an average of six ureas per chain due to the higher urea content.
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(a)
Figure 4.8 TEM micrographs of thin sections of 4-50. Magnifications are (a) 15000 (b)
30000 and (c) 60000.
continued next page
101
Figure 4.8 contiiuicd
(b)
continued next page
102
103
(a)
Figure 4.9 TEM micrographs of thin sections of 6-50. Magnifications are (a) 15000 (b)
30000 and (c) 60000.
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Figure 4.9 continued
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(a)
Figure 4.10 TEM micrographs of thin sections of 4-150. Magnifications are (a) 15000
(b) 30000 and (c) 60000.
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(a)
Figure 4.1 1 TEM micrographs of thin sections of 6-150. Magnifications are (a) 15000
(b) 30000 and (c) 60000.
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4.3.2. Atomic Force Microscopy
AFM images with scan sizes of 12 |im by 12 ^im of microtomed cross-sections of
samples 4-50 and 6-50 are shown in Figure 4.12 and Figure 4.13, respectively. For
reasons discussed in Section 2.2.1, the soft material has a small phase shift, causing it to
appear dark. On the other hand, the hard regions appear bright due to a large phase shift
between the input signal and the output signal registered by the detector. Therefore, there
is a network of continuous rigid material that penetrates the soft matrix just as that
observed in the TEM images in Figure 4.8a and Figure 4.9a. However, AFM can provide
information inaccessible to TEM because TEM shows a projection through the film
thickness whereas AFM images the surface directly. The left-hand sides of Figure 4.12
and Figure 4.13, the height images, show that there are elevated regions and valleys on
the microtomed surfaces of these samples synthesized at 50 °C. The phase images on the
right sides of the figures exhibit features on the scale of hundreds of nanometers in the
elevated regions, while there is no apparent structure within the valleys. A 1.5 |a.m x 1.5
[im image of the valley in sample 6-50 is shown in Figure 4.14. At this scale, very fine
grains approximately 10-20 nm in size are apparent in the phase image. The elevated
region (Figure 4.15) shows larger grains in the range of hundreds of nanometers. This
series of images leads to the conclusion that the organization within the rigid material is
not the same as within the soft region. In the elevated structures, (the rigid material in
Figure 4.13) the hard domains seem to be much more compact; that is, they appear to
contact each other (Figure 4.15). In Figure 4.14, the valleys, which are the soft regions of
Figure 4.13, are composed of widely spaced hard domains similar in size to those in
Figure 4.15; however, the remainder of the material contains the fine grains.
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Figure 4.12 12 ^im x 12 ^im AFM tapping mode image of 4-50. Left image: height scale
- 0-150 nm. Right image: phase scale = 0-8 degrees.
Figure 4.13 12 |im x 12 |im AFM tapping mode image of 6-50. Left image: height scale
= 0-150 nm. Right image: phase scale = 0-8 degrees.
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Figure 4.15 2 fxm x 2 |a,m AFM tapping mode image of 6-50 taken from the elevated
region. Left image: height scale = 0-100 nm. Right image: phase scale = 0-8 degrees.
AFM images of samples 4-150 and 6-150 at scan sizes of 12 )xm x 12 |im are
shown in Figure 4.16 and Figure 4.17, respectively. Contrary to the images in Figure
4.12 and Figure 4.13, these pictures show no signs of a phase-separated morphology.
115
Although microtome marks are evident in the height image, there is no phase shift in the
phase image. In a 1.5 ^tm x 1.5 ^im scan of sample 6-150, Figure 4.18, there is evidence
of the features observed in the elevated areas of sample 6-50. However, these features
are distributed throughout the material in a homogeneous manner. Otherwise, there
would be some type of contrast in Figure 4.17.
V
get
Figure 4.16 12|xm x 12 ^m AFM tapping mode image of 4-150. Left image: height
scale = 0-150 nm. Right image: phase scale = 0-10 degrees.
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Figure 4.17 12|im x 12 |im AFM tapping mode image of 6-150. Left image: height
scale = 0-150 mn. Right image: phase scale = 0-10 degrees.
Figure 4. 1 8 1 .5 |J.m x 1 .5 |J.m AFM tapping mode image of 6-1 50. Left image: height
scale = 0-40 nm. Right image: phase scale = 0-40 degrees.
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4.4. Discussion
The morphologies observed by TEM and AFM in the samples reacted at 50 °C
resemble structures in the early stages of spinodal decomposition. A distinguishing
feature of spinodal decomposition is an early onset of structure that increases in
concentration but not in size as a function of time. At late stages, the structure coarsens
in a process known as Ostwald ripening [28]. Spinodal decomposition creates a distinct
scattering profile. When the microphase-separated structure develops in the early stages,
a scattering maximum characteristic of the microstructure appears. This peak increases
in intensity as a function of time until coarsening occurs. At this point, the wavevector
shifts to smaller values. Therefore, observation of the scattering profile through Small
Angle X-ray Scattering (SAXS) or Small Angle Neutron Scattering (SANS) can provide
evidence of spinodal decomposition. Unfortunately, the mold used to prepare the films
for this project is not amenable to any scattering studies in-situ. Thus, the only evidence
for spinodal decomposition is through characterization of the final structure, which is
insufficient for concluding the structure is in fact a result of spinodal decomposition.
However, similar systems do phase separate through this process [29-36].
Phase separation in interpenetrating networks (IPNs) has been extensively studied
[29-33]. These systems are similar to the one in this dissertation work in that
polymerization, phase separation, and crosslinking compete with one another. IPNs can
be prepared by either a sequential method, in which a preformed crosslinked network is
swollen with a polymerizable monomer, or by a simultaneous process in which two
monomers are homopolymerized in the presence of each other [29]. As polymerization
proceeds, the system is effectively quenched into the spinodal region because the increase
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in molecular weight causes the bimodal curve to move [30]. Final morphologies in IPNs
are influenced by the relative rates of crosslinking and phase separation. A simultaneous
IPN in which polystyrene was polymerized and crosslinked in the presence of a
crosslinking polyurethane formed different morphologies depending on the extent of
crosslinking in the polyurethane before the styrene reaction began [31]. If the
polyurethane network was intact before styrene began to polymerize, a transparent
material with small domains formed because the network restricted domain sizes. On the
other hand, if polystyrene began to form before the polyurethane network was intact,
phase separation proceeded to form large domains, leading to a turbid material. Thus,
morphology could be controlled through the rate of crosslinking [31]. In several types of
IPNs, the phase separation mechanism induced by chemical reactions followed spinodal
decomposition [30-33, 37]. Often, spinodal decomposition was arrested in its early
stages through chemical crosslinking [32, 33].
Monte Carlo simulations have been used to investigate spinodal decomposition,
and interruption of the phase separation process was observed in a system capable of
forming strong interactions [38]. In short, the lattice model described two types of
interactions between monomers - a weak interaction energy of Emm = -J and a strong
interaction energy with Emm -E that is ten times that of the weak interaction. The
energy of the system was specified as E»kBT so that once a strong bond formed
between two monomers, it was rarely disrupted on the time scale of the simulation. The
initial state of the simulation was prescribed so that there were no strong bonds (Ti =
lOJ/keT). Following a temperature quench, the evolution of the calculated structure
factor and its first moment were monitored. In the case in which no strong bonds were
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allowed, the system proceeded through a normal spinodal decomposition mechanism
described by an Ising lattice gas. When strong bonds were able to form, the structure
factor ceased to evolve at some point in time; in other words, the structure became
"pinned." Initially, however, the system behaved like an Ising lattice gas until strong
bonds began to form. As quench depth increased, pinning became faster and domain
sizes decreased. The pinned structures were not at equilibrium and, given sufficient
computer time, could become unpinned. The time scale for unpinning depended on the
energy of the strong bond [38].
In polyurethane foams and in other systems, chemical crosslinking is the "strong
bond" that pins the phase separation process. In cases where the crosslinking rate
supercedes the rate of phase separation, non-equilibrium structures are kinetically
trapped. This is particularly true in polyurethanes processed by Reaction Injection
Molding (RIM) in which very short cure times are mandatory for high productivity. As
with IPNs, molecular weight build-up causes an increase in (% is the Flory-Huggins
interaction parameter and N is the polymerization index) and when xN is greater than a
critical value, phase separation occurs. As predicted by Monte Carlo simulations,
chemical crosslinking can pin the structure during the early stages of phase separation.
Based on mechanical and DSC data, it was concluded that RIM polyurethanes possessed
non-equilibrium morphologies consistent with the early stages of spinodal decomposition
[39]. Materials in which the soft segments were functionalized with amines were found
to be farther from equilibrium than those prepared with hydroxyl-capped soft segments.
Since hydroxyl groups react more slowly with isocyanates than do amines, the
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polyurethane structures had more time to phase separate than the polyureas; as a resuh,
the polyurethanes were closer to the equilibrium state [39].
Similar behavior was found in foams [35, 40]. SAXS profiles of reacting foams
showed that both polyisocyanurate and MDI water-blown foams phase separate through
spinodal decomposition. At early times, a scattering peak emerged and remained at a
constant position. However, SAXS intensity stopped growing and the peak position
never shifted, indicating Ostwald ripening did not occur. The termination of phase
separation corresponded to the onset of vitrification. Thus, the early stages of spinodal
decomposition were pinned. It was inferred that the structure must be bi-continuous as
coarsening did not occur [28, 35, 40]. The polyurethane system in this project is
analagous to the MDI-water blown foam. Therefore, it is reasonable to anticipate that
morphology should evolve similarly. Microscopy images point to a continuous structure
of hard phase in samples 4-50 and 6-50. An interconnected structure like this was
expected based on the mechanical data in Chapter 3 and most likely forms through
spinodal decomposition. Just as in the case of foams, the structure was locked in place by
the sharp rise in viscosity from chemical crosslinking. However, the domain regions
evident on the length scales of the images are not necessarily pure. Neither technique is
sensitive enough to verify domain composition. The network of electron dense material
in TEM appears rigid in ATM but, in both cases, the response is relative to the
surrounding material. As mentioned in Chapter 3, there are probably regions that are
more interconnected than others.
The samples prepared at 150 °C do not have an interconnected rigid phase. AFM
and TEM show that these samples are homogeneous with hard domains dispersed
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throughout the soft matrix. Infrared data suggest that these domains are very loosely
organized. The resuh is a much weaker material with less hysteresis, as discussed in
Chapter 3.
4.5. Conclusions
Based on the domain morphologies evident in TEM and AFM, it can be inferred
that the crosslinking rate was slower than phase separation at 50 °C. This is consistent
with the infrared data for samples 4-50 and 6-50, which suggests highly organized hard
domains. It also verifies that interconnected rigid material does exist in the films, as
predicted by mechanical response. In contrast, the infrared spectra for samples 4-150 and
6-150 point to a phase mixed morphology with some loosely aggregated hard segments.
Such disconnected morphology was suggested by the much lower modulus and hysteresis
in these samples. AFM and TEM images of the films confirm this. At small scan size in
AFM and at high magnification in TEM, some type of aggregate structure was found, but
these aggregates were dispersed throughout the matrix so that the overall morphology
was a homogeneous one. This leads to the conclusion that the crosslinking rate was
faster than phase separation at 150 °C, resulting in an entrapment of a phase-mixed
morphology. Once the system gelled, mobility was greatly restricted so that a phase-
separated morphology, even if it was the equilibrium state, was unattainable. The causes
of such behavior are discussed in the following chapter.
4.6. References
[1] Colthup, N. B., Daly, L. H. and Wiberly, S. E., Introduction to Infrared and Raman
Spectroscopy, 3rd ed. Boston: Academic Press, Inc., 1990.
122
[2] Skrovanek, D. J., Howe, S. E., Painter, P. C. and Coleman, M. M., "Hydrogen
Bonding in Polymers: Infrared Temperature Studies of Amorphous Polyamide "
M/crowo/ecw/e^, vol. 18, pp. 1676-1683, 1985.
[3] Skrovanek, D. J., Painter, P. C. and Coleman, M. M., "Hydrogen Bonding in
Polymers. 2. Infrared Temperature Studies of Nylon \ \r Macromolecules vol
19, pp. 699-705, 1986. '
'
[4] Tsubomura, H., "Nature of the Hydrogen Bond. III. The Measurement of the
Infrared Absorption Intensities of Free and Hydrogen-Bonded OH Bands.
Theory of the Increase of the Intensity Due to the Hydrogen Bond " J. Chem
Phys.
,
vol. 24, pp. 927-93 1 , 1 956.
[5] Jose, C. I., "Infrared Spectra of Substituted Ureas-I. Alkyl Ureas," Spectrochim
Acta, PorM, vol. 25, pp. 111-118, 1969.
[6] Hocker, J., "Structural Investigation of Polyurethanes: Infrared Spectroscopic
Investigation of Monomeric and Polymeric N,N'-Diaryl Ureas," J. Appl Polym
ScL, vol. 25, pp. 2879-2889, 1980.
[7] Ishihara, H., Kimura, I., Saito, S. and Ono, H., "Infrared Studies on Segmented
Polyurethane-Urea Elastomers," J. Macromol. Set Phys., vol. BIO, pp. 591-618
1974.
[8] Coleman, M. M., Sobkowiak, M., Pehlert, G. J., Painter, P. C. and Iqbal, T.,
"Infrared Temperature Studies of a Simple Polyurea," Macromol. Chem. Phys.,
vol. 198, pp. 117-136, 1997.
[9] Artavia, L. D. and Macosko, C. W., "Foam Kinetics," J. Cell. Plast. , vol. 26, pp.
490-511, 1990.
[10] Paik Sung, C. S., Smith, T. W. and Sung, N. H., "Properties of Segmented
Polyether Poly(urethaneureas) Based on 2,4-Toluene Diisocyanate. 2. Infrared
and Mechanical Studies," Macromolecules, vol. 13, pp. 117-121, 1980.
[11] Merten, R., Lauerer, D. and Dahm, M., "IR Spectroscopic Studies of Urethane
Foam Formation," J. Cell. Plast., vol. 4, pp. 262-275, 1968.
[12] Kurzer, F., "Biuret and Related Compounds," Chem. Rev., vol. 56, pp. 95-197,
1956.
[13] Saunders, J. H. and Frisch, K. C, Polyurethanes Chemistry and Technology. Part
I. Chemistry, vol. XVI. New York: Jolm Wiley & Sons, 1962.
123
[14] Ravey, M. and Pearce, E. M., "Flexible Polyurethane Foam. 1 Thermal
Decomposition of a Polyether-based, Water-blown Commercial Type of
Flexible Polyurethane Foam," J. Appl. Polym. Sci., vol. 63, pp. 47-74, 1997.
[15] Fabris, H. J., "Thermal and Oxidative Stability of Urethanes," in Advances in
Urethane Science and Technology, vol. 4, K. C. Frisch and S. L. Reegan Eds
Westport: Technomic Pubhshing, Co., Inc., 1976, pp. 89-1 1.
'
"
[16] Kogon, I. C, "Chemistry of Aryl Isocyanates: Rate of Decomposition of Some
Arylalkyl Biurets and Ethyl a,Y-Diphenylallophanate," J. Org. Chem vol 23
pp. 1594, 1958. '
'
[17] Hauptmann, G., Domer, K.-H., Hocker, J., Illger, H. W. and Pfisterer, G.,
"Chemische und Physikalische Vorgange bei der Herstellung von Polyurethan-
Weichschaumstoffen," Mi^owo/. Chem., vol. 98, pp. 237-253, 1981.
[18] Ning, J., De-Ning, W. and Sheng-Kang, Y., "Hydrogen Bonding between Urethane
and Urea: Band Assignment for the Carbonyl Region of FTIR Spectrum,"
Polymer, vol. 37, pp. 3045-3047, 1996.
[19] Schwetlick, K. and Noack, R., "Kinetics and Catalysis of Consecutive Isocyanate
Reactions. Formation of Carbamates, AUophanates and Isocyanurates," J.
Chem. Soc. Perkin Trans. 2, vol. 2, pp. 395-402, 1995.
[20] de Haseth, J. A., Andrews, J. E., McClusky, J. V., Priester, R. D., Harthcock, M. A.
and Davis, B. L., "Characterization of Polyurethane Foams by Mid-Infrared
Fiber/FT-IR Spectrometry,"^;?/?/. Spectrosc, vol. 47, pp. 173-179, 1993.
[21] Bakalo, L. A. and Pisareva, I. V., "Investigation of Catalyzed Transformations of
Phenyl Isocyanate in the Presence of Proton-Donating Reagents," J. Org. Chem.
USSR, vol. 22, pp. 1528-1533, 1986.
[22] Korzyuk, E. L., Zharkov, V. V. and Emelin, E. A., "Complex Formation in
Catalytic Systems Causing Isocyanate Trimerization," J. Appl. Chem. USSR,
vol. 54, pp. 1320-1324, 1981.
[23] Coleman, M. M., Skrovanek, D. J., Hu, J. and Painter, P. C, "Hydrogen Bonding in
Polymer Blends. 1. FTIR Studies of Urethane-Ether Blends," Macromolecules,
vol. 21, pp. 59-65, 1988.
[24] Teo, L.-S., Chen, C.-Y. and Kuo, J.-F., "Fourier Transform Infrared Spectroscopy
Study on Effects of Temperature on Hydrogen Bonding in Amine-Containing
Polyurethanes and Poly(urethane-urea)s," Macromolecules, vol. 20, pp. 1793-
1799, 1997.
124
[25] Tao H -J Fan, C. F., MacKnight, W. J. and Hsu, S. L., "Application of a
Molecular Simulation Technique for Prediction of Phase-Separated Structures ofbemirigid Model Polyurethanes," Macromolecules, vol. 27, pp. 1720-1728,
1994. '
[26] Wang, C. B. and Cooper, S. L., "Morphology and Properties of Segmented
Polyether Polyurethaneureas," Macromolecules, vol. 16, pp. 775-786, 1983.
[27] Williams, D. B. and Carter, C. B., Transmission Electron Microscopy New York-
Plenum Press, 1996.
[28] Olabisi, O., Robeson, L. M. and Shaw, M. T., Polymer-Polymer Miscibility 1st edNew York: Academic Press, 1979.
[29] Utracki, L. A., "Thermodynamics and Kinetics of Phase Separation," in
Interpenetrating Polymer Networks, vol. 239, Advances in Chemistry Series, D.
Klempner, I. H. Sperling, and L. A. Utracki, Eds. Washington, D.C.: American
Chemical Society, 1994, pp. 77-123.
[30] Kim, B. S., Chiba, T. and Inoue, T., "Morphology Develpment via Reaction
Induced Phase Separation in Epoxy/Poly(ether sulfone) Blends: Morphology
Control using Poly(ether sulfone) with Functional End-groups," Polymer, vol
36, pp. 43-47, 1995.
[31] He, X., Widmaier, J.-M. and Meyer, G. C, "Kinetics of Phase Separation in
Polyurethane/Polystyrene Semi-1 Interpenetrating Polymer Networks. 1. Light
Transmission Studies," Polym. Int., vol. 32, pp. 289-293, 1993.
[32] Lee, S. S. and Kim, S. C, "Analysis of Unsaturated Polyester-Polyurethane
Interpentetrating Polymer Networks II: Phase Separation Behavior," Polym.
Eng. ScL, vol. 33, pp. 598-606, 1993.
[33] Chou, Y. C. and Lee, L. J., "Reaction - Induced Phase Separation During the
Formation of a Polyurethane-Unsaturated Polyester Interpenetrating Polymer
Network," Po/yw. Eng.Sci., vol. 34, pp. 1239-1249, 1994.
[34] Ryan, A. J., Stanford, J. L. and Tao, X. Q., "Morphology and Properties of Novel
Copoly(isocyanurate-urea)s Formed by Reaction Injection Moulding," Polymer,
vol. 34, pp. 4020-4031, 1993.
[35] Wilkinson, A. N., Naylor, S., Elwell, M. J., Draper, P., Komanschek, B. U.,
Stanford, J. L. and Ryan, A. J., "A Synchrotron SAXS Study of Structure
Development in a Copoly(isocyanurate-urea) Formed by RIM," Polym.
Commun., vol. 37, pp. 2021-2024, 1996.
125
[36] Ryan, A J., "Spinodal Decomposition During Bulk Copolymerization: Reaction
Injection Moulding," Polymer, vol. 31, pp. 707-712, 1990.
[37] Harada, A. and Tran-Cong, Q., "Experimental Verification of a Scaling Law forPhase Separation Kinetics of Reacting Polymer Mixtures," Macromolecules
vol. 29, pp. 4801-4803, 1996.
[38] Glotzer S. C, Gyure, M. F., Sciortino, F., Antonio, C. and Stanley, H. E "Pinning
in Phase-Separating Systems," Phys. Rev. E: Stat. Phys., Plasmas Fluids
Relat. Interdiscip. Top., vol. 49, pp. 247-258, 1994.
[39] Ryan, A. J., Stanford, J. L. and Still, R. H., "Structure-Property Relations in
Poly(urethane-urea)s and Polyureas Formed by Reaction Injection Moulding-
Phase Separation Studies," Plast. Rubber Proc. AppL, vol. 13, pp. 99-1 10, 1990.
[40] Elwell, M. J., Mortimer, S. and Ryan, A. J., "A Synchrotron SAXS Study of
Structure Development Kinetics during the Reactive Processing of Flexible
Polyurethane Foam," Macromolecues, vol. 27, pp. 5428-5439, 1994.
126
CHAPTER 5
FACTORS THAT INFLUENCE MORPHOLOGY
5.L Chapter Overview
The details of morphologies of two series of polyurethane films prepared under
different conditions were covered in Chapter 4. In essence, a phase-separated
morphology formed in samples prepared at low reaction temperatures, while a phase-
mixed structure developed in films prepared at high temperatures. These differences
were ascribed to varying rates of phase separation and chemical crosslinking as a
function of temperature. In other words, chemical crosslinking prevailed at high
temperatures, kinetically trapping a phase mixed state, but at low temperatures, the rate of
phase separation was faster than crosslinking.
Chapter 5 will explore the reasons for modification of the relative rates of phase
separation and crosslinking. There are several potential explanations for such behavior.
First, reaction temperature may impact hard segment length distribution and significantly
influence the degree of phase separation. This concept is explored in Section 5.2.2.
Another reason is that crosslinking kinetics may change as a function of temperature, an
idea explored in Section 5.3. This could be manifested in two ways - through an
alteration in polyol/isocyanate reaction kinetics or by way of additional crosslinking
through the production of side products. These possibilities are covered in Sections 5.3.1
and 5.3.2, respectively. In addition. Chapter 5 covers secondary issues that may relate to
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the final morphology, such as miscibility of the reactants (Section 5.4) and the effect of
content or sequence of the TDI isomers on packing within hard domains (Section 5.2.1).
5.2. Hard Domain Organization
From Chapter 4, it is obvious that hard segments organize differently in films
synthesized at 50 °C than in those reacted at 150 °C. In fact, films prepared at the higher
temperature show no trace of ordered hard domains. It has been experimentally
demonstrated that the rate of phase separation diminishes with increasing temperature,
even without the additional inhibitory effects of chemical crosslinking [1]. This section
goes beyond that and explores structural features of the hard segments that could
conceivably contribute to differences in the phase separation behavior. The first
subsection addresses issues relating to the use of a diisocyanate with a mixture of
isomers, and the second subsection deals with the contribution of hard segment length
distribution to the phase separation process.
5.2.1. Isomer Content
As menfioned in Section 2.1.1.3, the diisocyanate used during sample preparation
is an 80/20 blend of 2,4- and 2,6-TDI. When toluene is nitrated to produce toluene
diamine, an intermediate in the production of TDI, an 80/20 mixture of the 2,4 and 2,6
isomers is inevitably generated. This is because the methyl group in toluene is an
ortho/para director [2]. The first nitration step generates a mixture containing 63% ortho-
nitrotoluene and 33% para-nitrotoluene, with meta-nitrotoluene as a minor component. A
second nitration of the mixture, after removal of the meta-nitrotoluene, yields the 80/20
mixture of 2,4- and 2,6-toluene diamine [3]. Therefore, T-80 represents the equilibrium
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composition of TDI. Any other ratio of TDI isomers, or even a pure isomer, requires
extensive purification after the first nitration step [3]. Consequently, T-80 is the most
common diisocyanate blend found in polyurethane production, which is the reason it was
employed in this project. However, the use of a mixture of 2,4 and 2,6 isomers provides
the possibility of a range of structures, and this may influence morphology.
Order within hard domains depends on the isomer blend. Because 2,6-TDI is
highly symmetric, hard domains in polyurethanes synthesized from pure 2,6-TDI tend to
be very organized; in fact, the domains are usually crystalline with very few hard
segments dispersed in the soft matrix [4-6]. In contrast, the asymmetry of the 2,4 isomer
prevents crystallization. The order within hard domains is less and there is a greater
degree of phase mixing [4, 5, 7-9]. However, this does not imply that hard domains
cannot form when 2,4-TDI is used, since there have been signs of hard domain transitions
in polymers made from pure 2,4-TDI [4, 10-13]. When hard segments and soft segments
are particularly incompatible, as in the case of polybutadiene soft segments, a high degree
of phase separation occurs and microphase morphologies appear in TEM, even with pure
2,4-TDI [14]. The addition of relatively small amounts of 2,6-TDI leads to an
improvement in phase separation and effects changes in polymer properties [15-17].
By blending 2,6-TDI with 2,4-TDI, initial modulus, tear propagation resistance,
and ultimate elongation in polyurethane elastomers increase relative to the case with just
the 2,4- isomer [18]. An investigation in which the 2,6 content in films was
systematically varied from 0 to 100% showed that modulus and tensile strength increased
as the 2,6 content increased, with tensile strength being especially sensitive to isomer
ratio [15]. The same trend was verified for polyurethane foams, though in a much
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narrower range of isomer ratios [19]. To enhance hard domain order and to achieve these
differences in properties, sequences of the 2,6 isomer must form; whether this happens
depends on the relative reactivities of the isocyanate groups
In 2,6-TDI, both isocyanate groups are ortho to the methyl substituent. However,
2,4-TDI possess only one such group, for the other functional group is in the para
position. The methyl group places an unusually strong steric constraint on ortho
substituents, so isocyanate groups para to the methyl react much faster than those in the
ortho position. For example, in reactions between monoisocyanates and 2-ethylhexanol
at 28 °C, approximately 5% unreacted p-tolyl isocyanate remained after approximately 15
hours compared to about 75% for o-tolyl isocyanate. After 70 hours, the level of
unreacted isocyanate was still greater than 10% for the ortho isomer [20]. Relative
reactivities of the positions depend on temperature. The most active position, para, is
given a relative reactivity of one at room temperature. The second isocyanate on 2,4-
TDI, the ortho isocyanate, is much less reactive with a value of 0.12. Although the
groups on 2,6-TDI have the same relative reactivity of 0.56, after one of the groups reacts
the reactivity of the remaining isocyanate drops to 0.17. Above 100 "^C, steric factors
lose importance, and the reactivities become similar [21]. Below 100 ^C, there will be a
tendency to react mainly at the para position of the 2,4 isomer, despite the higher
concentration of groups on the ortho poshion; therefore, later in the reaction, long
sequences of 2,6-TDI may occur, since a much higher concentration of this isomer will
remain [22],
Because sequence length of 2,6-TDI may affect order, the lack of form in 4-150
and 6-150 (Chapter 4) may be due to lower isomer selectivity at the high reaction
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temperature. If all isocyanate groups have equal reactivity, then 2,6-TDI randomly
distributes along the hard segment, diminishing the ordering effect of the symmetrical 2,6
isomer. To test this notion, a film was made at 50 °C using pure (98%) 2,4-TDl. Figure
5.1 is a comparison between films prepared under identical conditions but with differing
contents of the 2,4 isomer. The ordered urea band at 1640 cm"' is sharper in the film
containing 20% of the 2,6 isomer. Even as a minor component, 2,6-TDI is partitioned
along the chain in a manner that enhances hard domain order, although this may
necessitate only two consecutive 2,6 units. On the other hand, the film made with only
2,4-TDI is less ordered; however, it is clearly composed of organized domains, despite
the absence of 2,6-TDI. From this, it is plain that differences in the sequencing of 2,6
isomers within the hard segments cannot account for the lack of order in samples
prepared at 150 °C.
98% 2,4-TDI
80% 2,4-TDI
1800 1700 1600 1500 1400
Wavenumbers
Figure 5.1 ATR spectra as a function of 2,4-isomer content in 6-50 films.
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5.2.2. Hard Segment Length
Recently, it was shown that hard segment length is a critical parameter in
determining equilibrium degree of phase separation and phase separation kinetics [1, 23-
25]. An obvious explanation for the dissimilarities in morphology as a function of
temperature that were observed in Chapter 4 and alluded to in Chapter 3 is that hard
segment length distribution is different in samples prepared at 150 °C from those
synthesized at 50 °C. Specifically, it would seem that films prepared at 150 °C have
shorter hard segments, which would lower the driving force for phase separation. This
section evaluates this claim and shows that this is, in fact, not the case for the majority of
the chains.
Since these polyurethanes are chemically crosslinked, there is no way to
determine molecular weight in the intact molecule. Recently, however, a procedure
whereby the urethane bond connecting hard and soft segments could be selectively
cleaved was reported [26]. Preferential hydrolysis of the urethane is based partly on the
reactivities of urethane, ether, and urea linkages to basic conditions and partly on the fact
that the polyether soft segment is more easily swollen than the hard domains. As a result,
urea linkages within the hard domains are much less accessible. Reportedly, this
procedure allows recovery of intact hard segments [26], the lengths of which can be
measured indirectly by MALDI mass spectrometry.
5.2.2.1. Hydrolysis Procedure
The original procedure was for hydrolyzing pieces of foam, which are very
permeable. To facilitate penetration of reactants into the polyurethane film samples,
small pieces of films were milled into small particles at liquid nitrogen temperatures. As
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in the original report, foam samples were cut into fragments before hydrolysis [26]. A
solution of 5 g of sodium hydroxide in 50 mL of water was poured into a
polytetrafluoroethylene flask. To the flask were added 50 mL of n-butanol and 1 g of
sample. The flask was attached to a water-cooled condenser equipped with a nitrogen
purge and placed in an oil bath maintained at 100 ± 2 X. The reaction proceeded with
stirring for 24 hours, the time it takes for a polyether polyurethane to reach the maximum
level of hydrolysis [26]. Butanol, rather than ethanol, which is miscible with water, was
used because it swells polyether-based polyurethanes more than ethanol does [26]. After
24 hours, methanol (80-100 mL) was added to the mixture until a single phase formed.
The solution was then centrifuged for 25 minutes at 8000-10000 rpm. The liquid was
decanted and the precipitate was filtered, washed with 150-200 mL of methanol, and
dried
After hydrolysis, the polyether soft segment should be completely detached from
the hard segments. The hydrolyzed hard segments, shown in Figure 5.2, are soluble in
dimethyl sulfoxide (DMSO) and are then amenable to analysis by IR or MALDI mass
spectrometry.
H N.
X
N H
Figure 5.2 Hard segment structure after hydrolysis.
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Figure 5.3 shows the infrared spectrum of the hard segments recovered from a
foam formulated to have an average of six ureas per chain. Bands marked with an
asterisk are from residual solvent. The CH stretching bands, which, as mentioned in
Section 4.2, are mostly due to groups in the soft segment, are no longer present.
Moreover, the urethane carbonyl bands in the 1700 cm'^ region are gone, leaving just the
urea carbonyl bands. From this spectrum, it is evident that the urethane bonds have been
hydrolyzed.
—
I
—
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(a)
Figure 5.3 Transmission infrared spectrum of hard segments recovered from 6-foam
after hydrolyzing for 24 hours. The film was cast onto a KBr window from DMSO
solution, (a) NH stretching region (b) carbonyl stretching region.
continued next page
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Figure 5.3 continued
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In some samples, a portion of the hydrolyzed material was insoluble; therefore,
infrared spectra and MALDI mass spectrometry data are indicative of only the soluble
parts of the samples. Dissolution was mainly a problem in film samples with high urea
content (Table 5.1). An infrared spectrum of the soluble part of hydrolyzed 6-50, Figure
5.4, shows that in contrast to the hydrolyzed foam, the film sample has some evidence of
CH stretching bands. This suggests that insolubility of the hydrolyzed films is due to
incomplete hydrolysis, most likely on account of lower permeability of the reactants into
the grains of the film in comparison with the foam. Grain size was not controlled, so
within a series of films, some samples had fine grains while others were coarse; this is
probably the reason sample 6-80 is soluble but samples 6-50 and 6-150 are not. If
hydrolysis is incomplete due to particle size, then the mass spectrometry data should be
illustrative of the sample as a whole.
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Solubility Characteristics of Hydrolyzed Samples in DMSO.
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(a)
Figure 5.4 Transmission infrared spectrum of soluble hard segments recovered from 6-
50 after hydrolyzing for 24 hours. The film was cast onto a CaFi window from DMSO
solution, (a) NH stretching region (b) carbonyl stretching region.
continued next page
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5.2.2.2. MALDI Mass Spectrometry Experiments
In these experiments, the urea hard segments were dissolved in a 50/50 (v/v)
solution of DMSO and THF at a concentration of 4x10"'^ g/mL. A supersaturated solution
of the matrix, dithranol, was prepared using the same solvent system. The matrix
solution and the sample solution were mixed in equal volume and cast onto a stainless
steel target. Because dithranol oxidizes rapidly in air and DMSO evaporates very slowly,
it was necessary to aid the drying process with an airgun set on low heat. Each spectrum
is a sum of 200 shots, unless otherwise noted, and all data interpretations are based on an
average of either four or five spectra, each collected from a different film cast from the
same solution. Data were collected on a Bruker Reflex III in reflectron mode. The
operating laser power was set 2-4% higher than threshold. It has been shown that the
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quality of matrix precipitant influences the quality of spectra [27-29]. Even among the
multiple films cast under identical conditions from the same solution, there was a
difference in precipitant, with either fine clumps or needle-like structures forming. The
average of multiple spectra, then, includes any reproducibility problems arising from film
morphology. Details ofMALDl mass spectrometry were given in Section 2.2.3.
5.2.2.2. 1
.
Peak Assignments
The success of mass spectrometry lies in assigning the peaks in the mass spectra.
Normally, molecules are found intact as adducts with H, Na, or K in MALDl experiments
[27, 30]. The expected masses for linear hard segments after hydrolysis are included in
Table 5.2, along with the masses of the chains with adducts. It should be noted that the
chains are listed according to number of urea repeats, x, and not TDI units. For instance,
five repeat units correspond to a hard segment with six aromatic rings, counting the one
that was involved in a urethane bond. This identification scheme was used for
comparison with the formulated number of urea repeats per chain.
Under the reaction conditions used to synthesize the polyurethanes, there is the
possibility of forming allophanate or biuret structures. The chemical structures of these
chains after hydrolysis are shown in Figure 5.5 and Figure 5.6. This is an important issue
because these structures are branched. As such, these species will disrupt packing within
hard domains; in addition, the trifunctional nature potentially provides extra crosslinks
that could impede phase separation. Unfortunately, these chains cannot be distinguished
from the linear hard segments because the masses of overlap, as shown in Table 5.2-
Table 5.4. However, it is possible to distinguish cyclic structures, such as isocyanurates,
from the linear and the branched hard segments, hereafter referred to as a group as non-
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cyclic hard segments. Within the cyclic chains, though, differentiation is not possible.
(See Table 5.5-Table 5.7.) It is unlikely that uretidinediones (Figure 5.7) exist in the final
polymer since these molecules tend to revert to monomer as isocyanates are consumed in
other chemical reactions [31]. Therefore, the cyclic structures can be attributed either to
isocyanurate (Figure 5.8) or to cyclic hard segments (Figure 5.9) or to both.
Table 5.2 Masses of Linear Hard Segments.
Number of
Repeats
Original
Molecule
H Adduct Na Adduct K Adduct
0
1
122 123
270 271
145
293
161
309
418 419 441 457
566 567 589 605
714 715
862 863
737
885
753
901
1010 1011 1033 1049
7 1158 1159 1181 1197
8 1306 1307 1329 1645
1454 1455 1477 1493
10 1602 1603 1625 1641
11 1750 1751 1773 1789
12 1898 1899 1921 1937
N H
Figure 5.5 Chemical structure of allophanate after hydrolysis,
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Figure 5.6 Chemical structure of biuret after hydrolysis.
Table 5.3 Masses of Allophanates.
Number of
Repeats
Original
Molecule
H Adduct Na Adduct K Adduct
0 270 271 293 309
1 418 419 441 457
2 566 567 589 605
3 714 715 737 753
4 862 863 885 901
5 1010 1011 1033 1049
6 1158 1159 1181 1197
7 1306 1307 1329 1645
8 1454 1455 1477 1493
9 1602 1603 1625 1641
10 1750 1751 1773 1789
11 1898 1899 1921 1937
12 2046 2047 2069 2085
Table 5.4 Masses of Biurets.
Number of
Repeats
Original
Molecule
H Adduct Na Adduct K Adduct
0 418 419 441 457
1 566 567 589 605
2 714 715 737 753
3 862 863 885 901
4 1010 1011 1033 1049
5 1158 1159 1181 1197
6 1306 1307 1329 1645
7 1454 1455 1477 1493
continued next page
140
Table 5.4 continued
Figure 5.7 Chemical structure of uretidinedione after hydrolysis.
Figure 5.8 Chemical structure of isocyanurate after hydrolysis.
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Figure 5.9 Chemical structure of cyclic hard segment.
Table 5.5 Masses of Isocyanurates (cyclic trimers).
Number of
Repeats
Original
Molecule
H Adduct Na Adduct K Adduct
0 444 445 467 483
1 592 593 615 631
2 740 741 763 779
3 888 889 911 927
4 1036 1037 1059 1075
5 1184 1185 1207 1223
6 1332 1333 1355 1371
7 1480 1481 1503 1519
8 1628 1629 1651 1667
9 1776 1777 1799 1815
10 1924 1925 1947 1963
11 2072 2073 2095 2111
12 2220 2221 2243 2259
Table 5.6 Masses of Uretidinediones.
Number of
Repeats
Original
Molecule
H Adduct Na Adduct K Adduct
0 296 297 319 335
1 592 593 615 631
2 740 741 763 779
3 888 889 911 927
4 1036 1037 1059 1075
continued next page
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Table 5.6 continued
Table 5.7 Masses of Cyclic Hard Segments.
rSumber of
Repeats
Original
Molecule
H Adduct Na Adduct K Adduct
0 0 0 0 0
1 148 149 171 187
2 296 297 319 335
3 444 445 467 483
4 592 593 615 631
5 740 741 763 779
6 888 889 911 927
7 1036 1037 1059 1075
8 1184 1185 1207 1223
9 1332 1333 1355 1371
10 1480 1481 1503 1519
11 1628 1629 1651 1667
12 1776 1777 1799 1815
The hydrolysis conditions make it possible for butanol to exchange with the
polyol [26]. In this case, 100 Daltons will be added to the expected mass. (Compare
Figure 5.2 and Figure 5.10.) As can be seen in Table 5.2 and Table 5.5, the sodium
adduct of a cyclic structure with butanol added onto it has the same nominal mass as a
proton form of a non-cyclic chain. For instance, a cyclic trimer with four repeats in
sodium form has a mass of 1059 Daltons; with butanol added, the mass is 1 159 Daltons,
which is the same mass as the protonated form of a linear hard segment with seven
repeats. In order to distinguish these species, the sample/matrix solution was doped with
potassium. Both the sodium and the protonated non-cyclic structures should shift to the
non-cyclic potassium position, while the sodium adduct of the cyclic/butanol structure
should shift to its potassium adduct. However, there was no evidence of the potassium
form of the cyclic^utanol molecule. Therefore, it was concluded that the peaks at 419,
567, 715, 863, 101 1, 1 159, etc. are the proton adducts of the non-cyclic structures, not the
sodium adducts of cyclic structures that had exchanged with butanol.
H N
O
N C O CH2CH2CH2CH3
X
Figure 5.10 Structure of a hard segment that exchanged with butanol during hydrolysis.
As an example. Table 5.8 lists the positions, intensities, and assignments of
selected peaks in a spectrum. (Appendix C contains tables and figures for all spectra.)
All peaks at masses higher than the matrix peaks (i.e., masses higher than 600 Daltons)
were selected for analysis. Within the region populated with matrix peaks, only
dominant peaks or those identified as sample peaks were integrated. From the table, it is
apparent that isotopic resolution is possible under the experimental conditions; chains
* 13 13
with one C or even two C can be separated from the analagous chains containing just
1
2
the C carbons. This means that chains with small mass differences can be
discriminated. Further inspection of Table 5.8 shows that various counterions are
associated with the hard segments. For instance, in this particular data set, hard segments
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with four repeats are found as adducts with protons, sodium, or potassium. When
calculating the number fraction of chains with a specified number of repeats, masses for
all adducts, as well as those that had exchanged with butanol, were included. The peaks
in Table 5.8 corresponding to cyclic structures are listed as trimers (isocyanurates);
however, as mentioned earlier, these masses could be due to cyclic hard segments of the
same weight. In all spectra, there were some unidentified peaks, a subject treated in
Appendix C.
Table 5.8 List of Masses, Intensities, and Assignments of Peaks Observed in a Single
Peak
Number
Peak Mass
(Daltons) farbitrarv
units)
/\ssignni6iit Isotope
1 419.2 2.0339E+02 x=2- with 1 H"9 TTl ll A. 1.
2 420.2 4.9000E+01 x=2* with 1 H lip
3 445.2 1.3876E+-02 Trimer, n+m+x=0* with 1 H
4 451.1 1.6296E+03 Matrix
5 459.1 9.5388E+02 7
6 507.0 5.3538E+02 ?
7 550.6 6.4555E+01 Matrix
8 566.2 1.1377E+02
9 567.2 4.706 lE+02 x=3; with 1 H
10 568.2 1.0774E+02 x=3; with 1 H '^c
11 579.2 9.5288E+01 ?
12 589.2 1.5459E+02 x=3; with 1 Na '^c
13 590.2 5.1975E+01 x=3; with 1 Na
14 593.2 8.5813E+01 Trimer, n+m+x= 1 ; with 1 H '^c
15 714.2 1.2035E+02 ?
16 715.2 9.2728E+02 x=4; with 1 H
17 716.2 2.9606E+02 x=4; with 1 H I3p
18 717.2 6.9555E+01 x=4; with 1 H 2'^C
19 727.2 2.7854E+02 9
20 728.3 1.1445E+02 7
21 737.2 6.906 lE+02 x=4; with 1 Na
22 738.2 2.5766E+02 x=4; with 1 Na
23 753.2 5.0864E+01 x=4; with 1 K
24 769.3 6.0434E+01 ?
continued next page
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Table 5.8 continued
36
37
1012.3
3.8429E+02
2.1562E+02
x=6; with 1 H
x=6; with 1 H
1023.3 6.624 lE+01
38 1024.3 4.4818E+01
39 1033.3 5.4694E+02 x==6; with 1 Na C
40 1034.3 3.1349E+02 x=6; with 1 Na C
41 1035.2 8.1564E+01 x=6; with 1 Na C
42 1049.2 4.0068E+01 x=6; with 1 K C
43
44
1123.2 4.6140E+01
1133.3 3.6554E+01 x=6; with 1 Na; plus BuOH
45 1159.3 1.0179E+02 x=7; with 1 H C
46 1160.3 8.4258E+01 x=7; with 1 H C
47 1181.3 1.6316E+02 x=7; with 1 Na C
48 1182.3 1.0344E+02 x=7; with 1 Na C
49 1183.3 4.2129E+01 x=7; with 1 Na TT
50 1307.3 3.9207E+01 x=8; with 1 H
51 1329.3 4.297 lE+01 x=8; with 1 Na C
52 1330.3 4.4797E+01 x=8; with 1 Na C
53 1455.4 2.5348E+01 x=9; with 1 H C
54 1477.3 3.7612E+01 x=9; with 1 Na C
55 1478.3 3.2830E+01 x=9; with 1 Na
56 1603.4 2.9169E+01 x=10; with 1 H
57 1604.3 3.1808E+01 x=10; with 1 H C
58 1625.3 4.3056E+01 x-10; with 1 Na C
59 1751.4 2.6056E+01 x=ll; with 1 H
60 1773.3 3.5303E+01 x=ll; with 1 Na
61 1774.3 3.4554E+01 x=ll; with 1 Na
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5.2.2.2.2. Results
With masses properly assigned, it is possible to determine the relationship
between hard segment length distribution and morphology. The effect of water content
(urea content) on hard segment distribution is illustrated in Figure 5.1 1. Plots of number
fraction versus number of urea repeats, x, are shown for foams with 3.54 pphp water
(x=4), 5.3
1
pphp water (x=6), and 7.5 pphp water (x=8), which correspond to hard
segment weight fractions of 0.28, 0.35, and 0.42, respectively. At first inspection, the
curves seem essentially the same. Although these foams were formulated to have
different hard segment lengths, a calculation explained in Appendix A, hard segments
with five urea repeats predominate. Moreover, chains with as many as fourteen repeats
exist, despite the fact that the averages should range from four to eight. Chains with as
few as one or no urea repeats, in other words, soft segments linked by two or one TDI
units, should exist but these short hard segments appear in a mass region that is filled
with matrix peaks and cannot be distinguished.
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0.4
Number of Repeats
(b)
Figure 5.11 Mass distribution curves for hard segments in foams with varying urea
contents (hydrolyzed for 1 day) as determined by MALDI. Each curve is an average of
five distributions, (a) entire curve (b) low mass region (c) high mass region.
continued next page
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Figure 5.11 continued
8-foa in
Significant differences in the foams appear in the region of high masses (Figure
5.1 Ic). The foam with the highest water content, 8-foam, has a higher fraction of chains
with more than nine repeats compared to the other foams. By the same token, 4-foam,
the foam with the lowest water content, has the fewest number of these hard segments.
The sums of the number fractions of hard segments with x ^ 9 are given in Table 5.9.
Approximately 7% of the hard segments in 8-foam have at least nine urea repeats but
only 2% of the hard segments in 4-foam are this long.
Table 5.9 Sum of Number Fractions of Hard Segments with Nine or More Urea Repeats
in Foam Samples.
Sample Sum
4-foam 0.019
6-foam 0.051
8-foam 0.073
Values are from average curves.
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I'lom iMgurc 5. 1 1 , it is apparent lluit increasing the water content ofa foam does
not actually increase the average hard scgnicnl Icnj-th, ahhough it certainly increases the
overall hard segment composition. Ralhcr, the amount of water controls the number of
long hard segments. By increasing the quantity of water in a foam fornuilalion, certain
chains grow longer at the cxpen.sc of the majority of the chains. In other words, the
additional water is not distributed equally among the growing hard segments. Had the
water been evenly allotted to each growing hard segment, the lengths of all hard
segments would have increased and the average value would have increased as well.
This is an issue addressed in Section 5.4.
Plots of number fraction versus number of urea repeats, x, for films formulated to
have six urea groups per chain on average are shown in Figure 5.12, with the
corresponding foam included for comparison. All the films exhibit a maximum at live
urea repeats, which was expected since hard segments with live urea repeats arc
prevalent in the foam. For the bulk of the distribution, the film curves overlay that of
the foam, and there are essentially no differences among the films prepared at dilfcrent
temperatures. However, as with the foam plots in Figure 5.1 1, Figure 5.12c shows that
there are variations in the region of high masses, 'fhe film prepared at 50 °C has more
hard .segments containing nine or more urea repeats, fhe amount of long hard segments
drops as a function of reaction temperature, as evidenced in fable 5.10, which lists the
sums of the number fractions of hard segments with x > 9. In 6-50, approximately 6%
of the hard segments contain at least nine urea groups, but this value decrea.ses to
approximately 4% for 0-80 and 6-150. It is interesting that the foam, which experiences
a rapid gain in temperature to 150 "C, resembles the chain length distribution curve for
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the 50 °C sample. This suggests that hard segment length is determined early in the
foaming process before a substantial temperature rise occurs.
The data in Figure 5.12 point to factors other than hard segment length for
controlling morphology in the films. Despite the formation of a phase-separated
morphology at 50 °C, the preponderance of the hard segment chain length distribution for
the film parallels that of the sample made at 150 °C. The logical conclusion is that
viscosity growth through crosslinking, not hard segment length, controls the organization
of the hard segments. However, the long hard segments may be very important in
another area. The IR data in Chapter 4 suggest that hard domain organization in 6-80 is
similar to that in 6-50. Data in Chapter 3, however, indicate that the largest drop in
modulus occurs between samples 6-50 and 6-80. Certainly, the IR spectra show that the
domains in sample 6-80 are not quite as ordered as those in sample 6-50 and this could
explain a decrease in modulus, but it fails to explain why the modulus of sample 6-80 is
so similar to films, like 6-150, which possess very little domain order. Throughout
Chapter 3, the importance of intercormectivity of rigid domains in enhancing modulus
was discussed. The modulus values suggest that 6-80 does not possess this
interconnectivity, though it contains ordered hard domains.
Figure 5.12 illustrates a significant decrease in the number of long hard segments
in 6-80 in comparison to 6-50. In fact, 6-80 and 6-150, which both seem to lack
interconnectivity, contain approximately the same low number of lengthy hard
segments. From this, it can be concluded that hard segment length is not critical in
determining the overall phase morphology, but it is crucial in supplying connectivity
between hard domains.
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Figure 5.12 Mass distribution curves for hard segments in samples with <6> ureas per
chain (hydrolyzed lor 1 day) as determined by MALDl. Each curve is an average of five
distributions, except 6-80. (a) entire curve (b) low mass region (c) high mass region.
continued next page
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Table 5.10 Sum ofNumber Fractions of Hard Segments with Nine or More Urea Repeats
in Samples Formulated to Have Six Ureas per Chain.
Sample Sum
6-foam 0.051
6-50 0.062
6-80 0.042
6-150
T-r 1 0.037
Values are from average curves.
5.3. Crosslinking
The morphologies discussed in Chapter 4 point to the fact that the relative rates of
crosslinking and phase separation change as a function of temperature. In contrast to the
ordered morphologies formed at 50 ^C, films synthesized at 150 °C exhibited
homogeneous morphologies, suggesting the rate of crosslinking increased relative to the
phase separation rate as reaction temperature rose. This section will explore potential
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explanations for alterations in crosslinking behavior as a function of temperature. The
first subsection deals with issues related to polyol reaction kinetics, while the second
subsection addresses the role of multifunctional side products.
5.3.1. Polyol Reaction Kinetics
The key crosslinks in the polyurethane films come from polyol reactions. Any
variable that increases the rate of this reaction necessarily augments the crosslinking rate.
Most chemical reaction rates increase with temperature, and the polyol/isocyanate
reaction is no exception. Studies of reactions between isocyanates and alcohols in a
variety of solvents and without catalysts have shown that urethane formation proceeds
faster at elevated temperatures [32-34]. Admittedly, there are some solvent effects,
mainly due to differences in dielectric constant, but the mechanism of reaction does not
change from one solvent to another and the trend with temperature holds true for all
solvents tested [34]. Hence, the crosslinking rate is inherently faster at higher
temperatures, though catalysts can enhance this effect.
The dominant catalyst for gelation is Dabco T-9, stannous octanoate. (See
Section 2.1.1 for details of the chemical structure of this and other catalysts.) The
activity of a catalyst can be evaluated from the equation [35]
Equation 5,1 k^.=kQ+k^-cl,
where kk is the rate constant for the catalyzed reaction, ko is the rate constant for the
uncatalyzed reaction, Ck is the catalyst concentration and n is the reaction order, which is
typically one for a variety of catalyst systems [35-41]. The parameter ks reflects catalyst
activity, with larger values indicating greater rate enhancement. Kinetic studies [35] in
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several solvents have shown that another tin (II) compound, stannous chloride, has a
higher catalytic activity than even the most active tertiary amine catalyst, triethylene
diamine (Dabco 33-LV) [42]. More importantly, the tin (II) compound exhibits a much
greater rise in catalytic activity as a function of increasing temperature [35]. In other
words, the activity of the tin catalyst increases rapidly with temperature. The effect of
temperature on catalyst activity is great enough that solvent polarity loses some of its
significance in determining reaction rate [36].
Although a direct comparison of absolute reaction rates may not be possible
because of structural differences (stannous octanoate has bulkier substituents than
stannous chloride) and solvent differences, the trend with temperature observed for
stannous chloride should hold for the Dabco T-9 catalyst. The observation of a drastic
increase in activity with temperature for a number of tin compounds, including tin (IV)
catalysts, supports this notion [35, 37-41]. In addition, tin catalysts provide a synergetic
effect in the presence of triethylene diamine, which is also part of the catalyst package
used in the preparation of the polyurethane films. Though the synergetic effect is slightly
inhibited when the amine is in excess of the tin, as is the case in these formulations, the
effect is still pronounced, particularly with an increase in reaction temperature [37-41].
Therefore, the large enhancement in catalytic activity with increasing temperature leads
to a much faster rate of crosslinking at elevated temperatures.
Of course, stannous octanoate is not the only catalyst used during the synthesis of
the films, and the other catalysts contribute to gelation as well. Triethylene diamine, also
known as 1,4-diaza [2.2.2] bicyclooctane (Dabco 33-LV), is a strong crosslinking
catalyst. The activity of this tertiary amine increases with temperature [32, 35, 43],
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though not to the extent observed in tin catalysts [35, 43]. Triethylene diamine is also a
catalyst for the water/isocyanate reaction, but this is true only when the polyol hydroxyl
groups have been substantially depleted [44]. Otherwise, it is a polyurethane catalyst that
experiences an increase in activity with temperature [32, 35, 43]; consequently, urethane
formation occurs faster as temperature rises.
To measure catalyst preference for the urea (blow) reaction versus the urethane
(gel) reaction, a selectivity scale has been developed, given by [44]
Equation 5.2 selectivity =
"o^^alized blowing rate
^
normalized gel rate
The normalized rate for each group (urea or urethane) is equal to the percent yield of that
group at any time, t, divided by the limiting yield [44]. In this manner, the equations
account for the fact that there are more urea groups than urethane groups when complete
conversion of each is reached. A catalyst with selectivity less than 0.4 is a strong gel
catalyst, but values greater than one indicate a urea catalyst. Intermediate values denote
catalysts that are balanced [44]. For example, ureas outnumber urethanes 2.7:1 in a foam
with a limiting yield of 15.2% for urethane and 40.9% for urea [44]. If a catalyst is
balanced (0.4 < selectivity < 1), then at any given time there will be approximately three
times as many ureas as urethanes. If the amount of urethanes at time t is higher than
expected based on just limiting yield, then selectivities will be < 0.4, indicating a gel
catalyst. Conversely, disproportionate creation of urea is a sign of a blow catalyst and
selectivity will be greater than one. (Examples of these calculations are shown in
Appendix A.) In essence, selectivity provides a means of monitoring the preference for
crosslinking as a function of temperature.
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The other amine catalyst used in these formulations, bis(dimethyl amino ethyl)
ether (Dabco BL-1 1), is a strong catalyst for the urea reaction [43-46]. In the initial
stages of foaming, selectivity for the catalyst can be greater than two in some cases; as
water disappears and temperature rises, though selectivity drops [44]. By heating the
reactants, initial selectivity can be brought to approximately 1
.4, proving that the drop in
selectivity during the course of foaming is mainly due to temperature, not the amount of
water [44]. The reason for such behavior is clear when the mechanism of catalysis is
understood. Dabco BL-1 1 is a strong urea catalyst because it has a tertiary nitrogen
separated from an ether oxygen by only two carbons [46]. The tertiary nitrogen activates
the isocyanate group; meanwhile, water hydrogen bonds to the ether oxygen. The
proximity of the reactants on the catalyst favors the reaction between isocyanate and
water. Thus, the catalyst favors the urea reaction [46]. As temperature rises, the
hydrogen bond between the ether group and water weakens. As a result, some of the
preference for the urea reaction diminishes and the relative amount of urethane begins to
grow, decreasing the selectivity value [44, 45]. In other words, at elevated temperatures,
bis(dimethyl amino ethyl) ether favors crosslinking to a greater extent than it does at low
temperatures.
From the analysis of the activities and selectivities of the catalysts used in the
polyurethane films, it is apparent that the rate of crosslinking through the polyol does, in
fact, increase with increasing temperature. The phenomenon is largely due to a
combination of the greatly enhanced activity of the tin catalyst and the loss of selectivity
of the urea catalyst with increasing temperature. The result is that the faster rate of
chemical crosslinking causes the system to gel before any significant phase separation
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occurs. This explains why a phase-mixed morphology forms at 150 °C but a phase-
separated structure appears in films made at 50 °C.
5.3.2. Side Reactions
As mentioned earlier, there are three side products that possibly contribute
additional crosslinking to the polyurethanes - allophanates, biurets, and isocyanurates.
This section evaluates the impact, if any, these structures have on the final polyurethane
morphology.
5.3.2. 1
.
Allophanates and Biurets
Allophanates and biurets are extremely difficult to distinguish from urethanes and
ureas. Overlap in the carbonyl stretching region precludes using mid-infrared
spectroscopy for analysis. In addition, as menfioned in Section 5.2.2.2.1, these branched
structures possess masses identical to those of linear hard segments after hydrolysis.
Therefore, it was not possible to assess the amount of these side products directly.
However, if these structures are present in the polyurethane films, it is in very
small amounts. In a model foam study of a variety of common catalysts, no allophanate
was observed and only a small amount of biuret was found [44]. In actual foams, neither
product was present at the end of foam rise, but after 24 hours of storage with high
residual isocyanate, small amounts of side products were observed, although the specific
structures could not be identified [47].
Of the two compounds, allophanates are the least likely to be found in the final
polymer. Allophanates form from urethanes and isocyanates and in these polyurethane
films, urea groups outnumber urethane groups 2:1 and 3:1 for films formulated to have
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urea
are
urea
averages of four and six ureas per chain, respectively. Therefore, on a concentration
basis alone, the amount of biuret should exceed that of allophanate. Concentration
effects aside, isocyanates react with ureas much faster than with urethanes because
protons are more acidic [48-50]; consequently, allophanates form at slower rates and
not as competitive for residual isocyanate. Moreover, the equilibrium constant for
allophanate is lower than for biuret [48], so at equal concentrations of urethane and
and with ample free isocyanate, the equilibrium amount of allophanate would still be less
than biuret. Once allophanate forms, there are processes that remove it from the system.
Allophanate has a lower thermal stability than biuret and reverts to urethane and
isocyanate in the range of temperatures used to prepare the polyurethane films [50-52].
In addition, allophanate serves as an intermediate in the formation of isocyanurate [31,
43, 53-55]. Therefore, as the very stable cyclic trimer forms, the concentration of
allophanate decreases.
Like allophanates, biurets are stable in only a narrow temperature range. Without
catalysts, temperatures greater than 100 °C are required to produce biuret, although small
amounts have been observed at temperatures as low as 80 °C [50, 56]. Typical
polyurethane foam catalysts do not especially promote the production of biuret linkages
[44, 47]. Biurets, too, are not very stable compounds, and dissociation can take place at
temperatures as low as 100 °C [51], with the rate of reversal increasing with temperature
[49, 57]. At 130 °C, biuret decomposition is significant, more so for aromatic biurets,
like those that would be found in this system, than for aliphatic ones [57]. The
breakdown of biuret, as well as allophanate, was shown in a study in which a high-index
foam exhibited a large drop in modulus at 130 °C, an event not observed in either a 90
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index foam or a 100 index foam. Further analysis indicated that the foam with an index
of 120 possessed a larger amount of thermally weak biuret and allophanate crosslinks
than the other foams. The decrease in modulus was because of dissociation of these
crosslinks at 130 X [58]. In summary, it can be concluded that films prepared at low and
high temperatures most likely have little or no biuret, but films prepared at intermediate
temperatures may possess some of these branched structures.
;ure
Allophanates and biurets, if formed, probably contain many repeat units. Figi
5.12 shows that the majority of the hard segments contain five repeat units, and if one of
these hard segments reacts with an isocyanate of a growing chain with, for example, three
repeats, the mass of the branched chain moves to the high end of the distribution.
Therefore, it would seem reasonable to conclude that the chains with many repeats are
allophanates or biurets.
Figure 5.12 and Table 5.10 show that the amount of chains with large masses
drops as a function of temperature. This would be expected if those hard segments were
due to allophanates or biurets. However, there are inconsistencies that make this
assignment unlikely. For one, there is a significant decrease in the number of long hard
segments in 6-80, but dissociation of biurets and allophanates does not start until 100 °C
or higher. In addition, the presence of many long chains in the foam sample suggests that
these hard segments are not branched; otherwise, the high temperature the foam attains
would cause dissociation of the biurets and the allophanates, and the foam curve would
resemble that of 6-150. Therefore, it is concluded that if biuret or allophanate is present,
it is in small amount and would not substantially impede phase separation.
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5.3.2.2. Cyclic Structures
Unlike the branched allophanate and biuret structures, the cyclic isocyanurate can
be differentiated from the linear hard segments. As discussed in Section 4.2.1, infrared
data shows that more isocyanurate formed at 150 °C than at 50 °C. MALDI
spectrometry provides a means of estimating the quantity of these cyclic species.
Figure 5.13 demonstrates that cyclic species in foams have no more than six TDI
units. As evident from Figure 5.8 and Figure 5.9, a cyclic structure with six TDI units
corresponds to either an isocyanurate with three urea repeats or a cyclic hard segment
with six urea repeats. Previous workers have attributed the cyclic MALDI mass
spectrometry peaks to cyclic urea hard segments and excluded the possibility of cyclic
trimers on the basis that no cyclics with large masses were observed [26]. In line with
this notion is the fact that the probability of ring formation decreases with increasing ring
size due to difficulties in the end groups finding and reacting with each other [59]. The
amount of cyclic species observed in the foams in Figure 5.13, expressed in Table 5.1 1 as
a percentage of the total intensity of sample peaks, is in the range of the amount of cyclic
oligomers formed during the polymerization of polyurethanes and polyureas [60].
Table 5.11 Percentage of Sample Peaks that Correspond to Cyclic Structures in Foams.
Sample % Cyclic
4-foam 1.8
6-foani 3.9
8-foam 2.2
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Figure 5.13 Mass distribution curves for cyclic hard segments in foams with varying
urea contents (hydrolyzed for 1 day) as determ.ined by MALDI mass spectrometry. Each
curve is an average of five distributions.
Table 5.12 lists the content of cyclic species in films prepared at different
temperatures. The amount of cyclic structures is very low in the film created at 50 °C,
only 0.1%, but more cyclics are formed at higher temperatures. The foam, which reaches
150 °C during processing, contains approximately the same amount of cyclic structures
as the 150 °C film. The 80 °C film has the greatest amount of these species, but the
reason for this is not known; however, all of the values are similar to those reported for
cyclization in other polyurethanes and polyureas [60]. Figure 5.14 illustrates the number
fraction of cyclic structures as a function of number of TDI units for the same samples.
As in the data for the foams in Figure 5.13, no cyclic structures with more than six TDI
units were observed. There is no trend in the size of the ring, other than the concentration
of rings tends to decrease with an increase in the number of TDI units contained within
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the structure. As claimed earlier [26], this suggests that the cyclic structures are due to
cyclization of hard segments.
Table 5.12 Percentage of Sample Peaks that Correspond to Cyclic Structures in SamplFormulated to <6> ureas/chain. P
Sample
6-foam
6-50
6-80
6-150
% Cyclic
3.9
0.12
5.9
3.4
c
o
u
u
B
Z
0.8
0.6
0.4
0.2
0
0
6-toam
^6-50
^6-80
--6-150
2 4 6 8
Number of TDI Units
10
Figure 5.14 Mass distribution curves for cyclic hard segments in samples formulated to
have <6> ureas per chain (hydrolyzed for 1 day) as determined by MALDI mass
spectrometry. Each curve is an average of five distributions with the exception of 6-80,
which is an average of four distributions.
If the cyclic chains were isocyanurates, it would make sense that these species
form in larger quantities at high reaction temperatures; however, this does not explain
why 6-80 has the most cyclic structures or the reason for the low cyclic masses in all
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samples, since isocyanurates are still capable of growth. In all probability, these
structures are cyclic hard segments, which have no reactive ends and cannot grow to
large masses. However, if for hypothetical reasons, it is assumed that all of the cyclic
structures are crosslinking sites, that is, the cyclic structures are isocyanurates, then the
effect of cyclic trimers on phase behavior in the extreme case can be evaluated.
Assuming all cyclic structures are trifunctional isocyanurates, an effective average
functionality can be calculated. Using this effective functionality, the conversion at
gelation can be calculated through Carother's equation [61]:
Equation 5,3
Pgel
=
avg
If there is a substantial increase in the average functionality through incorporation of
additional multifunctional groups, then the system should gel at a lower conversion. If
this is the case, then the earlier gelation could precede phase separation. The conversion
values, listed in Table 5.13, indicate that there is no real difference in pgei between 6-50
and 6-150. Therefore, it seems that extra crosslinking through isocyanurate cannot
account for differences in the final morphologies shown in Chapter 4.
Table 5.13 Conversion at Gelation for Samples Formulated to <6> ureas/chain.
Sample favE Peel
6-foam 2.527 0.791
6-50 2.514 0.796
6-80 2.534 0.789
6-150 2.525 0.792
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5.4. Reactant Incompatibility
As mentioned in Section 5.2.2.2.2, the increase in the number of long hard
segments rather than a shift in the average hard segment size with increasing water
content indicates that water does not have an equal probability of reacting with each
growing chain. Part of this behavior may be related to reactant miscibility. If the
reactants phase separate, the local stoichiometry becomes different. Such effects
substantially modify polyurethane structure. Monte Carlo simulations have proposed that
a broader molecular weight distribution than the most probable expected from ideal
solutions [62, 63] results from early phase separation of reagents [64-66]. In essence,
perturbations in local reactant concentration lead to two populations of hard segments - a
low molecular weight fraction from the soft segment rich phase and a high molecular
weight fraction from the phase rich in isocyanate. Combined, the two fractions lead to
larger polydispersities than the value of two expected for step growth polymerization [64-
66].
These trends have been borne out by experiment. Polybutadiene soft segments
are especially incompatible with urethane hard segments, and there have been indications
that reactants prematurely phase separate during bulk polymerization. In evidence is the
presence of two hard domain Tg's, the low temperature one arising from domains
composed of short hard segments and the second one originating from a discrete
population of long hard segments [10, 1 1, 67]. In addition, droplets of phase-separated
components have been observed by optical microscopy [68]. Confirmation that the
source of the double Tg was reactant incompatibility came from a solution-polymerized
analog of the polymer [12]. When reacted in solution to facilitate miscibility, the
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resulting polymer had only a single T,; moreover, blends of polyurethanes with two
different hard segment lengths failed to produce a second T,. This verified that the
discrete populations of hard segment lengths and compositions were due to heterogeneity
in the reaction. Since the polyurethanes in this thesis were synthesized in bulk, reactant
compatibility may be important, particularly as temperature changes. Like the previous
urethanes reported [10, 1 1, 67, 68], there are three components present during synthesis,
and formation of reactant droplets is likely.
Whether water is miscible with polyol depends on a number of parameters,
including water content, temperature, and polyol architecture. In general, an increase in
ethylene oxide content leads to an increase in the amount of water dispersed in the polyol
[69-71]. For instance, the amount of water added to a random copolymer of
poly(ethylene oxide) and poly(propylene oxide) at room temperature before the onset of
phase separation (measured by turbidity) increased from 5.0 pphp to 6.9 pphp to 12.1
pphp for ethylene oxide contents of 0, 8, and 13% [70]. Water solubility also depends on
the distribution of the ethylene oxide repeat units. Water tends to be more compatible
with polyols containing blocks of ethylene oxide than with those in which the same
amount of ethylene oxide is randomly distributed along the chain [70, 72]. Even if the
ethylene oxide is in a block, the block length at a given ethylene oxide concentration is
important. For example, a polyether with 6% ethylene oxide as a single block can
disperse 5.2 g of water in 100 mL of polyol. When the same amount of ethylene oxide is
distributed as two blocks, one containing 33% of the ethylene oxide and the other
containing 66%, the solubility decreases to 4.8 g of water. Compatibility is slightly
enhanced if the blocks are near the ends of the polyol arms rather than in the middle [72].
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As poly(ethylene oxide) and water are miscible at room temperature whereas
poIy(propylene oxide) and water are not [73], it is not surprising that water coordination
depends on number and placement of ethylene oxide units. Based on DSC data, the
number of bound water molecules per polymer segment were calculated to be 1 .5 and 2.7
for poly(ethylene oxide) and poly(propylene oxide), respectively, illustrating the much
higher affinity of water for ethylene oxide [69]. As temperature rises, polyol and water
become less miscible [70, 74], an event observed with poly(ethylene oxide) and water
[73]. For a 3000 molecular weight triol with 13% ethylene oxide randomly distributed
along the backbone, the amount of water that can be dispersed decreases from 12.1 g to
6.3 g per 100 g of polyol as temperature increases from 23 °C to 50 °C [70].
Below the solubility limit, all water dissolves in the polyol; once this level is
surpassed, however, the excess water remains undissolved [71]. Surfactants that contain
many hydrophilic groups such as ethylene oxide induce smaller water droplets compared
to those formed in just polyol and water, though surfactants with few hydrophilic groups
do not significantly alter domain sizes. If the amount of water in the polyol is within the
range of solubility, surfactants can actually induce phase separation [71]. Having a
distinct water phase can drastically affect the reaction rate between isocyanate and water.
This is initially a second order reaction [32] and as such, the apparent rate should depend
on the concentration of both isocyanate and water. However, by increasing the amount of
water to above the solubility limit, the apparent reaction rate actually decreases since the
rate is governed by the amount of water accessible to the isocyanate in the organic phase
[71].
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For the polyol used in sample synthesis, Voranol-3 137, reactants should form a
single phase since the solubility limit at 50 °C is 6.3 pphp [70], a value above the
maximum water level used in the formulation. However, 50 °C is the lowest reaction
temperature, and if solubility decreases further as temperature rises, it is possible that the
reactants will be thrust into a state of incompatibility. This may be the case at all
temperatures anyway since isocyanate reduces the amount of dispersible water [70, 71].
It is important to know the state of the reagents at the beginning of the reaction since the
final structures may be greatly influenced by subtle differences in reaction rates or initial
inhomogeneities [10-12, 14, 67, 68]. Although previous studies have demonstrated
reduced solubility at elevated temperatures, those investigations have either probed
temperatures below those of interest in this work [70] or focused on polyols with
architectures different from that of Voranol-3 137 [74]. It is not clear whether those
results will transfer to the polyol and temperature range of interest. The actual reactant
mixture consists of three components (polyol, water, and diisocyanate), but the rapid
reaction between TDI and water, particularly at elevated temperatures, precludes a study
of the miscibility of all three components as a function of temperature. As a result, the
compatibility of Voranol-3 137 and water must suffice as a first approximation.
Alterations in polyol/water compatibility should manifest as variations in
intermolecular interactions and should be detectable by infrared spectroscopy. In
particular, vibrations of water should be sensitive to changes in hydrogen bonding
strength. For these experiments, water and Voranol-3 137 polyol were mixed to a
composition of either 3.54 g or 5.31 g of water per 100 g of polyol. A small amount of
material was sandwiched between two CaF2 windows and placed inside a sample holder
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outfitted with heater cartridges. The entire assembly was heated to a specified
temperature; temperature was stabilized at the setpoint for at least five minutes before
data collection began. Some sample evaporated during the experiment as evidenced by
an intensity loss of the CH stretching bands of the polyol. Spectra as a function of
temperature were normalized to one of these bands, the 2971 cm"' band.
Transmission IR spectra of polyol/water are illustrated in Figure 5.15. Only the
data for one water content are shown since the information from the other composition is
the same. The overlap and the breadth of the OH stretching bands of polyol and water
make analysis of the 3300-3600 cm'' region difficult, but the bending vibration of water
at 1650-1630 cm"' is much more distinct. At room temperature, the vibration appears at
1640 cm"'. The frequency decreases to 1638 cm"' at 50 °C and to 1632 cm"' at 80 °C.
The position remains fixed as temperature rises further. There is an inherent shift in
frequency of the H2O deformation vibration with temperature, but it is usually smaller
than that exhibited in Figure 5.15 [75-78]. For instance, this vibration in pure water is
found at 1646 cm"' at 20 °C and 1642 cm"' at 70 °C [77]. As water forms hydrogen
bonds with other molecules, the force constant of the deformation vibration changes,
becoming larger with stronger hydrogen bridges [75]. The result is a shift to higher
frequency with increasing hydrogen bond strength [75, 76]. Thus, the shift in Figure 5.15
indicates weakening of hydrogen bonds to water. Since the shift is larger than that
expected from temperature alone, it suggests some variation in intermolecular
interactions between water and polyol. An investigation into deviations of polyol
backbone conformation, perhaps through Raman spectroscopy, is necessary to elucidate
the nature of the interactions [79-81]. For now, it can be concluded only that there is a
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change in compatibility with temperature, an event that could affect
development in the polyurethane.
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Figure 5.15 Transmission IR of a mixture of V-3137 polyol and water as a function of
temperature. (5.3 1 pphp water/100 g polyol). (a) OH stretching region (b) water
deformation vibration.
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5.5. Conclusions
This chapter has explored reasons for the lack of order in samples prepared at
high reaction temperatures. Experiments have shown that neither isomer content nor
hard segment length is a critical parameter in controlling structure development. Rather,
the dominant factor is the rise in viscosity through chemical crosslinking. Especially
with the combination of catalysts in these formulations, the rate of urethane formation,
the gelation reaction, increases substantially with temperature. This, in conjunction with
the previously observed reduction in phase separation rate with temperature [1], serves to
kinetically entrap a phase-mixed state at elevated temperatures. It should be pointed out
that this effect is due to temperature alone and not to any structural differences in the hard
segments. In contrast, the rate of crosslinking is much slower at 50 °C, so phase
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separation occurs to some extent before the viscosity becomes too high. As a
consequence, an interconnected morphology persists from spinodal decomposition, since
gelation prevented Ostwald ripening. As discussed in Chapter 3, this interconnectivity of
rigid domains significantly enhances modulus. Current morphological models of
polyurethanes do not provide for a method of hard domain bridging, but the MALDI data
presented in this chapter suggest long hard segments contribute. The nature of this
interconnectivity is discussed in the following chapter.
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CHAPTER 6
MORPHOLOGICAL MODEL
6. 1
.
Chapter Overview
In the previous chapters, evidence of microstructural differences in polyurethane
films prepared at various temperatures was presented. Synthesis at 50 °C produced films
with highly organized domains arranged in a network throughout the soft matrix. The
formation of this morphology was attributed to the kinetic entrapment of phase separation
through spinodal decomposition. Films with this type of structure have very high moduli
and exhibit significant amounts of hysteresis. Reinforcement in these materials is easily
lost upon deformation. At the same volume fraction of hard segment, materials produced
at 150 °C were much softer, displayed a lower amount of hysteresis, and were more
insensitive to cyclical loading. Through microscopy and spectroscopy, it was confirmed
that these films were homogenous, with poorly organized hard domains dispersed
throughout the matrix. Evidence was presented indicating that this more phase-mixed
morphology developed because of an increase in the crosslinking rate at elevated
temperatures.
Taken together, the results from the three previous chapters suggest that
interconnectivity of rigid domains is vital in enhancing modulus, though it occurs at the
expense of increased hysteresis. Similar behavior is observed in rubber filled with carbon
black, and it is reasonable to conclude that comparable mechanisms are responsible for
the reinforcement in polyurethanes. The idea of interconnectivity in polyurethanes and
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polyureas is not a new one. There are many suggestions of suci, a structure in tl,e
literature [1-1 1]. However, no one has suggested a model describing the nature of the
comiectivity. In the section that follows, a detailed schematic of a morphology with
bridges between hard domains is proposed. Afterwards, the consequences of such a
Structure are addressed.
6.2. Model Description
From the previous chapters, it is known that the morphology in sample 6-50 is
one of interconnected hard material. What follows is a description of the details of the
microstructure and the nature of the connections between hard domains.
Percolation theory, a concept that has been applied to the conductivity of carbon
black filled rubbers, can provide some insight into the mechanism of interconnectivity.
Although carbon black is a semi-conductor, a rubber containing isolated aggregates of
carbon black will not conduct electricity because of the insulating matrix. However,
above a threshold volume fraction (j)c, the carbon black aggregates will contact, forming a
continuous network of conducting material and there will be a sudden jump in
conductivity [12-14]. In the strictest sense, it is not necessary for the aggregates actually
to touch, since tunneling across distances of 10 A is possible [15], but it is certainly
required that the domains nearly contact each other. Those domains that do impinge but
are not part of a continuous pathway throughout the matrix do not contribute to the
measured conductivity [13, 14]. Therefore, in carbon black filled rubber, conductivity
provides a measure of domain interconnectivity.
The percolation threshold is not a very large number. In rubber filled with carbon
black, the value is 10-13% [13, 16]. In actuality, the important concept is excluded
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volume, not simply true volume [12]. For this reason, aspect ratio significantly impacts
the threshold volume fraction. This is clearly shown m a study of a polymer matrix filled
with graphite particles with aspect ratios of either 100 or 200. The percolation threshold
was 1.7% for the particles with aspect ratio of 100, but it decreased to 0.1% for particles
possessing an aspect ratio of 200 [12]. Hence, the percolation threshold decreases as the
particles become more asymmetric. It is also very sensitive to size distribution. For a
distribution of asymmetric particles, the larger objects dictate the threshold value [12].
This last point is especially interesting in light of the greater quantity of long hard
segments in sample 6-50 in comparison with the other films in the series.
Recently, a variation of percolation, "multiple percolation," has arisen [17]. Of
particular interest is the notion of "double percolation," which lowers the overall
percolation threshold. The theory considers the case in which a separate phase forms in a
material. Double percolation occurs when this phase is in sufficient abundance to be
above a percolation threshold defined for that phase. The "double" part comes from the
lack of purity in that phase. Instead of being composed ofjust one component, the
percolated phase itself comprises a percolation of one component through the other. This
is analogous to the situation found in the films prepared at 50 °C.
The morphologies of samples 4-50 and 6-50 displayed by TEM and AFM in
Chapter 4 appear continuous; however, it is conceivable that the concept of double
percolation applies. The network of rigid material (the dark areas in TEM and the bright
areas in AFM) extends throughout the soft matrix. This is the first level of percolation.
Within this phase, though, are two components - hard segments and soft segments. The
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global rigid phase is not a pure one. Rather, there is a percolation threshold associated
with the hard segments within this phase. Hence, the term "double percolation" applies.
The proposed description of such morphology is illustrated in Figure 6.1. Here, a
dashed line outlines the rigid network phase. Within this rigid phase are combinations of
hard and soft material. Consistent with the infrared data in Chapter 4, the hard segments
are organized into ordered domains. Hard segments of exceptional length, marked "A" in
Figure 6.1, connect the ordered hard domains. This reflects the fact that mass
spectrometry experiments revealed a larger percentage of hard segments with nine or
more urea repeats in sample 6-50 compared to other films in the series (Chapter 5).
Using a value of 0.7 nm for the length of a TDI urea linkage and 0.4 mn for the urethanes
[18], the length of a urea hard segment with 14 repeats is calculated to be 10.6 nm. In
polyurethane foams and the corresponding films, domain spacings are 9-13 nm [18-22],
so it possible for the long hard segments to span the gap. This interconnectivity is an
important part of modulus enhancement and is similar to connectivity of carbon black
aggregates in filled rubbers. However, it does not complete the picture. In keeping with
the analogy to filled rubber, it is necessary to consider the nature of the soft segment
within the rigid network phase.
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ordered hard
Figure 6. 1 Morphological model of interconnected hard segments.
For many years, the excessive reinforcement in rubber has been attributed to
aggregation of carbon black particles into continuous chains of particles [15, 16, 23-26].
However, there is much evidence that a bound rubber phase augments modulus as well
[24, 27-29]. The descriptive model in Figure 6.1 also features a constrained soft phase,
denoted "B." Here, soft segments squeezed between hard domains experience a
reduction in mobility. In essence, the constrained soft material acts as though it were
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rigid, thereby forming a stiff bridge between ordered hard domains. There is evidence
that the soft segments in 6-50 are less mobile than in other films in the 6-series. The
change in heat capacity, ACp, at the soft segment T, relates to molecular mobility. The
measured Tgfor the soft phase and the ACp values normalized to the amount of soft
segment are listed in Table 6.1.
Table 6. 1 Heat Capacity and To values for Films.^'^
Sample T, (°C) ACp (normalized) (J/g°C)
6-50
-48 ± 0.7 0.29 ±0.03
6-80
-45 ± 2.0 0.32 ±0.05
6-150
-47 ± 0.7 0.38 ±0.04
o i^.-- ^x.v*^x^xs,^ xiwiii lu u v^diiw wmm.
Calibration standards were indium and mercury.
Though there is no real change in Tg, there is a tendency for ACp to increase with
reaction temperature. If some soft segment is less mobile, then it does not contribute to
the measured Tg; therefore, normalization to the total weight of soft segment
overestimates the amount of true "soft" segment, causing the normalized ACp to
decrease. Hence, Table 6.1 indicates there is more constrained soft phase in sample 6-50
than in sample 6-150. This possibility is confirmed in a study in which a polyether
capped with phenyl isocyanate was used in the manufacture of a RIM polyurea [7].
Because no chemical bonds existed between the soft segment and the hard segment, it
was possible to extract the soft phase. However, there was some inaccessible soft
segment, indicating some soft material was trapped in the hard phase [7].
There is also the possibility that hard segments dispersed between hard phases,
marked "C," cause some constraint in the soft phase, though the infrared spectrum does
not indicate many dispersed hard segments in sample 6-50. Although not vital to the
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model as a whole, such a possibility should be mentioned, as an increase in modulus with
segmental mixing has been observed [9, 30, 3 1]. In addition, in certain polyurethanes,
annealing induces a better degree of phase separation at the expense of modulus [32].
Such behavior can be explained as a loss of connectivity by the "C" bridges.
The entire network, consisting of organized domains joined by either long hard
segments or by regions of rigidified soft segment, is responsible for the observed
modulus. As mentioned earlier, the dark regions in TEM are these agglomerates, though
the regions of constrained soft segment are not discernable by TEM. Such agglomerate
structures are also observed in carbon black filled rubber. Large regions of
interconnected carbon black particles, the rigid phase, also contain rubber within the
aggregate structures [33]. In the polyurethanes, the constrained soft material, since it is
rigid, is not detectable by phase imaging AFM. Consequently, the entire agglomerated
structure images as a rigid continuous network.
In contrast, sample 6-150 lacks this interconnected structure. MALDI mass
spectrometry shows that this sample contains fewer of the long hard segments; as a result,
there are no direct "A" bridges to join domains. The hard domains themselves are much
less ordered according to the IR spectrum and are homogeneously distributed, as
illustrated by AFM and TEM. The domains are dispersed enough that soft segment is not
unduly constrained; otherwise, there would be a decrease in ACp at the soft segment Tg.
The result is a system of isolated, poorly organized hard domains.
6.3. Consequences of the Model
It is widely accepted that the modulus will increase as the order within hard
domains increases [3, 5, 34-38], and this is still an important part of the proposed
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morphological model, since an insignificant amount of reinforcement would be expected
by comiecting weak regions. By the same token, ordered hard domains by themselves are
not sufficient, as indicated by the modulus difference between samples 6-50 and 6-80,
both of which possess intradomain order. A key aspect of the proposed model is the
interconnectivity of rigid material, provided either by direct bridges of length hard
segments or by constrained soft segment. An interconnected hard phase substantially
raises modulus. In fact, domain interconnectivity is more crucial than chemical
crosslinking in that respect. For a number of rubbers filled with carbon black, it has been
proven that crosslinking contributes very little to the low-strain modulus [15, 24, 25, 39],
For example, a styrene-butadiene rubber filled with carbon black had the same shear
modulus regardless of whether it was cured or not [25]. Similar to the observed increase
in conductivity, exceeding the percolation threshold of carbon black leads to a rapid
increase in modulus through the continuity of hard material [16, 26].
In polyurethane elastomers, just as in filled rubber, it has been observed that
modulus is much higher when hard domains exhibit continuity [3, 5, 7-9, 1 1, 40].
Analysis of the mechanical properties discussed in Chapter 3 reveals that the same is true
in the series of films prepared for this project. Although samples 6-50 and 6-80 manifest
order within hard domains, the initial modulus of sample 6-80 is much lower than that in
sample 6-50. In fact, the modulus of sample 6-80 is more reminiscent of the measured
value of sample 6-150, which possesses very little or no domain order. The reason for
this discrepancy lies in the mass spectrometry data covered in Chapter 5. There it was
shown that sample 6-50 contains a greater quantity of long hard segments, while samples
6-80 and 6-150 possessed a lesser amount. From the proposed morphology in Figure 6.1,
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it is apparent that one of the mechanisms of comiectivity between hard domains
direct bridge ("A") formed by a long hard segment. Films 6-80 and 6-150 lack these
bridges and, as a consequence, comprise isolated domains, causing these materials to be
much softer. It should be noted that large objects dominate the percolation threshold and
may contribute to this [12].
The interconnectivity in sample 6-50 causes it to be especially sensitive to
deformation. A hallmark of a continuous rigid structure is a high hysteresis due to the
necessary disruption of the network [2, 5, 37, 41, 42]. In these materials, the decrease in
modulus with cyclical loading (Chapter 3) is due to a breakdown in the bridges. Rotation
of hard domains through stretching could easily disturb the orientation and position of the
long hard segments connecting the domains. With a slight tilting of the bridge, the
junction between hard domains could be lost. Increasing the distance between domains
would also relieve the constraint on the soft segment. The slower relaxation time in the
constrained phase is responsible for increasing modulus [27-29, 43, 44]. In an NMR
study of polyurethanes, it was confirmed that the onset of mobility at the domain edges
coincided with a decrease in modulus, despite the fact that the center of the domains were
unchanged [43]. This shows the importance of mobility in determining modulus.
Therefore, the decrease in modulus observed when the material was subjected to stress
can be explained by perturbation of the direct bridges and weakening of the constraints
imposed on the soft material between domains.
The concept of a constrained phase can also explain other mechanical properties.
A decrease in modulus (actually, an increase in strain under a constant load) in foams
subjected to humid enviromnents has been observed [45-48]. In the past, this has been
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vaguely ascribed to disruption of intradomain hydrogen bonds by water molecules.
However, it seems unlikely that water can penetrate the ordered hard domains to a great
extent during the time scale corresponding to the initial decrease in modulus. The
penetration of water into polypeptide crystals takes many hours [49] and the same is
probably true for organized hard domains. However, the amorphous regions of
polypeptides are easily accessible to water [49], so it is possible that water does diffuse
through some parts of the polyurethane. The most mobile phase is the soft segment;
since this phase contributes very little to the reinforcement [23-25], plasticization of this
phase probably has negligible influence on the mechanical properties. On the other hand,
water could plasticize the constrained soft regions. The increase in mobility would
effectively weaken the connection between hard domains, and as with the cyclical
loading, the disruption would decrease modulus.
6.4. Conclusions
A new model containing two types of connectors between hard domains has been
proposed for describing polyurethane morphology in this system. So far, the model is
consistent with a number of experimental observations and can account for many of the
properties of polyurethanes. The description incorporates traditional theories such as an
increase in modulus with volume fraction of hard phase or with domain packing.
However, it includes concepts novel to the area of polyurethanes. The notion of a
constrained soft phase, though common to the filled rubber field, has only occasionally
been applied to polyurethanes [9]. It is apparent that such a phase could explain much of
the mechanical behavior that previously seemed to contradict the expected behavior.
These polyurethane films are unique in that hard segment length was adjusted without
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altering hard segment volume fraction. As a result, the role of hard segment length in
determining mechanical behavior could be determined independently of volume fraction,
6.5. References
[1] Lin S. B., Hwang, K. S., Tsay, S. Y. and Cooper, S. L., "Segmental Orientation
Studies of Polyether Polyurethane Block Copolymers with Different Hard
?985^^"^
Lengths and Distributions," Colloid Polym. ScL, vol. 263, pp. 128-140,
[2] Paik Sung, C. S., Smith, T. W., Hu, C. B. and Sung, N.-H., "Hysteresis Behavior i
Polether Poly(urethaneureas) Based on 2,4-Toluene Diisocyanate,
Ethylenediamine, and Poly(tetramethylene oxide)," Macromolecules, vol 12
pp. 538-540, 1979.
'
'
[3] Paik Sung, C. S., Smith, T. W. and Sung, N. H., "Properties of Segmented
Polyether Poly(urethaneureas) Based on 2,4-Toluene Diisocyanate. 2. Infrared
and Mechanical Studies" Macromolecules, vol. 13, pp. 117-121, 1980.
[4] Seymour, R. W., AUegrezza, A. E. and Cooper, S. L., "Segmental Orientation
Studies of Block Polymers. I. Hydrogen-Bonded Polyurethanes,"
Macromolecules, vol. 6, pp. 896-902, 1973.
[5] Wang, C. B. and Cooper, S. L., "Morphology and Properties of Segmented
Polyether Polyurethaneureas," Macromolecules, vol. 16, pp. 115-1%6, 1983.
[6] Seymour, R. W. and Cooper, S. L., "Viscoelastic Properties of Polyurethane Block
Polymers," y. Polym. Sci., Polym. Symp., vol. 46, pp. 69-81, 1974.
[7] Ryan, A. J., "Spinodal Decomposition During Bulk Copolymerization: Reaction
Injection Moulding," Polymer, vol. 31, pp. 707-712, 1990.
[8] Ryan, A. J., Stanford, J. L. and Tao, X. Q., "Morphology and Properties of Novel
Copoly(isocyanurate-urea)s Formed by Reaction Injection Moulding," Polymer,
vol. 34, pp. 4020-4031, 1993.
[9] Ryan, A. J., Stanford, J. L. and Still, R. H., "Structure-Property Relations in
Poly(urethane-urea)s and Polyureas Formed by Reaction Injection Moulding:
Phase Separation Studies," Plast. Rubber Proc. AppL, vol 13, pp. 99-1 10, 1990.
[10] Wilkinson, A. N., Naylor, S., Elwell, M. J., Draper, P., Komanschek, B. U.,
Stanford, J. L. and Ryan, A. J., "A Synchrotron SAXS Study of Structure
Development in a Copoly(isocyanurate-urea) Formed by RIM," Polym.
Commun., vol. 37, pp. 2021-2024, 1996.
190
[11] Ryan, A J., Stanford, J. L. and Still, R. H., "Thermal, Mechanical and Fracture
Properties of Reaction Injection-Moulded Poly(urethane-urea)s," Polymer, vol
J2, pp. 1426-1439, 1991.
[12] Celzard, A
,
McRae, E., Deleuze, C, Dufort, M., Furdin, G. and Mareche, J F
Critical Concentration in Percolating Systems Containing a High Aspect Ratio
hiller, Phys. Rev. B, vol. 53, pp. 6209-6214, 1996.
[13] Karasek, L. and Sumita, M., "Characterization of Dispersion State of Filler and
Polymer-Filler Interactions in Rubber-Carbon Black Composites," J Mater
^•c/., vol. 31, pp. 281-289, 1996.
[14] Mohanty, K. K., Ottino, J. M. and Davis, H. T., "Reaction and Transport in
Disordered Composite Media: Introduction of Percolation Concepts " Chem
Eng. ScL, vol. 37, pp. 905-924, 1982.
[15] Payne, A. R., "The Elasticity of Carbon Black Networks," J. Co//o/J5d vol 19
pp. 744-754, 1964.
'
'
[16] Bohm, G. G. and Nguyen, M. N., "Flocculation of Carbon Black in Filled Rubber
Compounds. I. Flocculation Occurring in Unvulcanized Compounds During
Annealing at Elevated Temperatures," J. Appl. Polym. Sci., vol. 55, pp. 1041-
1050, 1995.
[17] Levon, K., Margolina, A. and Patashinsky, A. Z., "Multiple Percolation in
Conducting Polymer Blends," Macromolecules, vol. 26, pp. 4061-4063, 1993.
[18] Creswick, M. W., Lee, K. D., Turner, R. B. and Huber, L. M., "Urea Domain
Structure in Polyurethane Foams," J. Elast. Plast., vol. 21, pp. 179-96, 1989.
[19] McClusky, J. V., Priester, R. D., Jr., O'Neill, R. E., Willkomm, W. R., Heaney, M.
D. and Capel, M. A., "The Use of FT-IR and Dynamic SAXS to Provide an
Improved Understanding of the Matrix Formation and Viscosity Build of
Flexible Polyurethane Foams," J. Cell. Plast., vol. 30, pp. 338-360, 1994.
[20] Armistead, J. P. and Wilkes, G. L., "Morphology of Water-Blown Flexible
Polyurethane Foams," J. Appl. Polym. Set, vol. 35, pp. 601-629, 1988.
[21] Turner, R. B. and Wilkes, G. L., "Structure vs. Properties of Flexible Urethane
Foams Used in the Home Furnishing Industry (Polymer-Morphology),"
presented at Polyurethanes World Congress, Aachen, Federal Republic of
Germany, pp. 935-939, 1987.
191
[22] Thomas, O., Priester, R. D., Jr., Hinze, K. J. and Latham, D., D., "Effect of Cross-Lmk Density on the Morphology, Thermal and Mechanical Properties of
Flexilbe Molded PolyureaAJrethane Foams and Films," J. Polym Sci Part B-
Polym. Phys., vol. 32, pp. 2155-2169, 1994.
[23] Coran, A. Y., "The Dispersion of Carbon Black in Rubber Part III. The Effect of
Dispersion Quality on the Dynamic Mechanical Properties of Filled Natural
Rubber," Rubber Chem. TechnoL, vol. 65, pp. 1016-1041, 1992.
[24] Arai, K. and Ferry, J. D., "Differential Dynamic Shear Moduli of Carbon Black-
Filled Styrene-Butadiene Rubber Subjected to Large Shear Strain Histories,"
Rubber Chem. TechnoL, vol. 59, pp. 241-254, 1986.
[25] Isono, Y. and Ferry, J. D., "Stress Relaxation and Differntial Dynamic Modulus of
Carbon Black-Filed Styene-Butadiene Rubber in Large Shearing Deformations,"
Rubber Chem. TechnoL, vol. 57, pp. 925-943, 1984.
[26] Varughese, S., Tripathy, D. K. and De, S. K., "Strain Dependent Dynamic
Mechanical Properties of Carbon Black and Clay Filled Epoxidised Natural
Rubber Vulcanizates," J. Elastom. Plast., vol. 23, pp. 34-53, 1991.
[27] Ahagon, A., "States of Carbon Black Dispersions and Extensibility of Rubbers,"
Rubber Chem. and TechnoL, vol. 66, pp. 317-328, 1993.
[28] Kida, N., Ito, M., Yatsuyanagi, F. and Kaido, H., "Studies on the Structure and
Formation Mechanism of Carbon Gel in the Carbon Balck Filled Polyisoprene
Rubber Composite," J. AppL Polym. ScL, vol. 61, pp. 1345-1350, 1996.
[29] LeBlanc, J. L., "From Peculiar Flow Properties to Reinforcement in Carbon Black
Filled Rubber Compounds," Plast., Rubber Compos. Process. AppL, vol. 24, pp.
241-248, 1995.
[30] Jeong, H. M., Moon, S. W., Jho, J. Y. and Ahn, T. O., "Phase Structure and
Properties of Some Thermoplastic Polyesteramide Elastomers," Polymer, vol.
39, pp. 459-465, 1998.
[3 1 ] Camargo, R. E., Macosko, C. W., Tirrell, M. V. and Wellinghoff, S. T.,
"Experimental Studies of Phase Separation in Reaction Injection-Molded (RIM)
Polyurethanes," Polym. Eng. and ScL, vol. 22, pp. 719-728, 1982.
[32] Priester, R., Personal Communication, September, 1998.
[33] Ban, L. L., Hess, W. M. and Papazian, L. A., "New Studies of Carbon-Rubber
Gel," Rubber Chem. TechnoL, vol. 47, pp. 858-894, 1974.
192
[34] Kazmierczak, M. E., Forncs, R. E., Buchanan, D. R. and Gilbert R D
Investigations of a Serries of PPDI-based Polyurethane Block Copdymers I
[35] Kontou, E., Spathis G., Niaounakis, M. and Kefalas, V., "Physical and Chemical
Cross-linking Effects in Polyurethane Elastomers," Colloid Polym Sci vol
268, pp. 636-644, 1990.
'
[36] Ng, H. N., Allegrezza, A. E., Seymour, R. W. and Cooper, S. L., "Effect of
Segment Size and Polydispersity on the Properties of Polyure'thanc Block
Polymers," Polymer, vol. 14, pp. 255-261, 1973.
[37] Miller, J. A., Lin, S. B., Hwang, K. K. S., Wu, K. S., Gibson, P. E. and Cooper S
L., "Properties of Polyether-Polyurethane Block Copolymers: Effect of Hard
Segment Length Distribution," Macromolccules, vol. 18, pp. 32-44, 1985.
[38] Christenson, C. P., Harthcock, M. A., Meadows, M. D., Spell, H. L., Howard, W
L., Creswick, M. W., Guerra, R. E. and Turner, R. B., "Model MDl/Butanediol
Polyurethanes: Molecular Structure, Morphology, Physical and Mechanical
Properties," J. Polym. Sci., Part B: Polym. Phys., vol. 24, pp. 1401-1439, 1986.
[39] Payne, A. R., Whittaker, R. E. and Smith, J. F., "Effect of Vulcanization on the
Low-Strain Dynamic Properties of Filled Rubbers," J. Appl. Polym Sci vol 16
pp. 1191-1212, 1972.
[40] Martin, D. J., Meijs, G. F., Gunatillake, P. A., Yozghatlian, S. P. and Renwick, G.
M., "The Influence of Composition Ratio on the Morphology of Biomedical
Polyurethanes," y Appl. Polym. Sci., vol. 71, pp. 937-952, 1999.
[41] Paik Sung, C. S. and Schneider, N. S., "Temperature Dependence of Hydrogen
Bonding in Toluene Diisocyanate Based Polyurethanes," Macromolccules, vol.
10, pp. 452-458, 1977.
[42] Gorce, J.-N., Hellgelh, J. W. and Ward, T. C, "Mechanical Hysteresis of a
Polyether Polyurethane Thermoplastic Elastomer," Polym. Eng. Sci., vol. 33, pp.
1170-1176, 1993.
[43] Kornfield, J. A., Spiess, H. W., Nefzger, H. and Eisenbach, C. D., "Deuteron NMR
Measurements of Order and Mobility in the Hard Segments of a Model
Polyurethane," Macromolccules, vol. 24, pp. 4787-4795, 1 991
.
[44] Wolff, S. and Donnet, J.-B., "Characterization of Fillers in Vulcanizates According
to the Einstein-Guth-Gold Equation," Rubber Chcm. Technol, vol. 63, pp. 32-
45, 1990.
193
[45] Dounis, J., Moreland, J. C, Wilkes, G. L. and Turner, R. B., "The Mechano-
sorptive Behavior of Flexible Waterblown Polyurethane Foams," Polym Prepr(Am. Chem. Soc, Div. Polym. Chem.), vol. 33, pp. 284-85, 1992.
[46] Dounis, D. V., Moreland, J. C, Wilkes, G. L., DiUard, D. A. and Turner R B
"The Mechano-Sorptive Behavior of Flexible Water-Blown Polyurethane
'
Foams," J. Appl. Polym. ScL, vol. 50, pp. 293-301, 1993.
[47] Dounis, D. V., Wilkes, G. L. and Turner, R. B., "The Effects of Temperature and
Relative Humidity on the Load Relaxation Behavior of Molded Polyurethane
Foams," Po/yw. Prepr. (Am. Chem. Soc., Div. Polym. Chem ) vol 35 dd 781-
82,1994.
[48] Moreland, J. C, Wilkes, G. L. and Turner, R. B., "Viscoelastic Behavior of
Flexible Slabstock Polyurethane Foams as a Function of Temperature and
Relative Humidity," presented at Polyurethanes World Congress, Nice France
pp. 500-508, 1991.
[49] Chen, C. C, Krejchi, M. T., Tirrell, D. A. and Hsu, S. L., "Effect of Water on the
Structure of a Model Polypeptide," Macromolecules, vol. 28, pp 1464-1469
1995.
194
CHAPTER 7
CONCLUSIONS AND FUTURE WORK
7.1. Conclusions
In this dissertation work, two series of films based on the polymer in polyurelhane
foams were prepared at various temperatures. There were competing processes that
entrapped non-equilibrium morphologies during the synthesis of these films. At the low
reaction temperature of 50 °C, phase separation occurred faster than chemical
crosslinking; as a result, organized domains formed. The structure resembles the early
stages of spinodal decomposition, so it was concluded that chemical crosslinking arrested
the phase separation, trapping the non-equilibrium morphology. Mechanical tests
(Chapter 3) and microscopy (Chapter 4) show that the final structure is a continuous one.
In contrast, films created at 150 °C have poorly organized, isolated hard domains and are
much weaker mechanically. This structure formed because chemical crosslinking was
more rapid than phase separation at the high temperature. Analysis of the possible
reasons for variations in the relative rates of phase separation and chemical crosslinking
revealed that temperature effects on the chemical crosslinking rate were responsible for
the observed behavior. In these polyurethanes, hard segment length is not the critical
factor influencing morphology; viscosity is the determinant (Chapter 5).
A new morphological model was proposed for the continuous structure (Chapter
6). Although the intimation of a continuous structure in polyurethanes appears in the
open literature [1-9], a detailed description of the morphology is lacking. The proposed
model includes molecular bridges between organized hard domains. The bridges are of
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two types: direct bridges of inordinately long hard segments and indirect bridges of
constrained soft segment. This morphological model can account for many of the
observed mechanical properties in polyurethanes and is consistent with traditional views
of polyurethane morphology in that organized hard domains are necessary. However, an
important concept in the model is a description of the connectivity between hard
domains,
7.2. Future work
Although the proposed model is consistent with all experimental evidence to date,
it remains to be proven. The relative contributions of the different kinds of bridges need
to be determined. Although the number of direct bridges is low, each bridge is probably
very strong. Conversely, the constrained soft bridges may be fairly weak junctions but
the number of such bridges may be high enough that the cumulative effect is great.
One way to test the contribution of the constrained phase is through plasticization.
The regular soft phase is the most penetrable part of the sample but contributes little to
the modulus (see Chapter 6). Once the constrained soft phase, the indirect bridges, are
plasticized, modulus should drop if the model is correct. The plasticizer should be one
that can penetrate the amorphous regions but not the ordered hard domains. Based on
humidity experiments [10-13], it seems that water may be a suitable plasticizer. The
exchange rate of deuterium from D2O with NH groups of the polymer provides a tag for
monitoring the whereabouts of water (D2O) in the sample by infrared spectroscopy. If
these deuteration experiments could be performed simultaneously with mechanical tests,
the role of the indirect bridges could be verified. If modulus decreases but the organized
hard domains remain intact, that would be strong support of the proposed model.
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Annealing studies may aid in this as well. If segmental mixing in the rigid
network (bridge C in Figure 6.1) contributes to constraint of the soft phase, then
amiealing studies to induce more complete phase separation should cause modulus to
decrease, provided ordered hard domains existed in the first place. The nature of the
'
constrained soft phase in general can be investigated by NMR. This teclinique should be
more sensitive to the different relaxation times than the ACp measured by DSC (Chapter
6). Presumably, hard segments in the soft phase, either as isolated segments or as bridges
between domains, would have different relaxation times than those in the ordered domain
[14]. Moreover, the soft segment relaxation time should change with the amount of
constraint as well [15].
The importance of the direct bridges can be explored by blends of polymers with
different monodispersed hard segment lengths. Of course, this would necessitate a
diftmctional soft segment since chemical crosslinking would preclude mixing the two
polymers; it also would require special synthesis procedures to create monodisperse hard
segments. The blend composition should mainly comprise hard segments of intermediate
length (x=4) with a very minor amount of the long hard segments in order to best
simulate the real situation.
This study has emphasized the importance of the relative rates of phase separation
and chemical crosslinking. To better understand this, more catalyst investigations are
needed since information about catalyst performance under conditions similar to those
found in foam is lacking. Systematic studies with a non-reactive polyether, perhaps a
methoxy-terminated polymer, as the solvent could be done. Reaction rates between
isocyanate, water, and a monofunctional polyether as a function of temperature with
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realistic catalyst combinations could provide much information about the competitive
nature of the reactions. The use of a monofunctional polyol serves two purposes; it
avoids chemical crosslinking, while more closely mimicking the viscosity of the real
polyol than isopropyl alcohol or some other small molecule alcohol.
The issue of reactant miscibility needs to be addressed in detail. For some reason,
80 °C seems to be an important temperature. The largest drop in modulus is observed in
this sample, even though the hard domains are still ordered. A decrease in the amount of
long hard segments seems to correspond to this temperature, which is also the point at
which polyol/water interactions change substantially (Chapter 5). Above this
temperature, polyol/water interactions remain the same, as does hard segment length
distribution in the high mass region of the MALDI data. All seem to point to 80 °C as a
transition point. Most likely, it is related to reactant compatibility.
There will be problems in investigating the three-component system because TDI
will react with the polyol and water. However, a non-reactive replacement for TDI that is
close in solubility characteristics may be found. In previous studies, toluene was used
[16]. In any case, the two-component system of polyol and water is a good start. Raman
spectroscopy, which can provide information about polyol conformation, is probably the
most suitable technique for this kind of investigation. Polyol architecture should be
varied to probe the effects of ethylene oxide content, distribution, and placement on the
phase behavior. Studies should be performed over a wide range of temperatures and
water contents, testing both above and below the solubility limit of the water.
Eventually, the study could be expanded to include surfactants and a substitute for TDI.
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APPENDIX A
FOAM CALCULATIONS
A. 1
.
Calculation of stoichiometric number of urea repeats per chain
This calculation can be used to determine the average number of ureas per chain
for a given formulation. Conversely, the amount of water required to generate a specific
average of ureas per chain can be calculated. All of these numbers are based strictly on
the quantity of reactants and assume formulations based on 100 parts (grams) of polyol.
A urea hard segment continues to grow until each end is capped by reacting with
the polyol. Since each mole of water reacts to form one mole of urea, calculation of the
number of moles of water for every two polyol hydroxy 1 groups gives an estimate of the
average number of ureas per chain. Although the system in this thesis work is
crosslinked and could be considered as a single chain, the term "chain" in this context
will refer to a length of polymer between crosslink sites. The following example assumes
the formulation is known and that the amount of water in the formulation is 5.31 parts per
hundred parts polyol.
Basic equation
^ . X urea linkages mol H^O
Equation A. 1 =
2 urethane linkages mol polyol OH
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Calculation of moles of water
Equation A.2 5.3 1 g x = 0.295 mol H,0
18g 2
Calculation of moles of polyol OH groups
Equation A.3 inn ^vJ^Q^ 2.79 OH groups
^ 3000 g ^iid
" groups
Calculation of number of ureas per chain
Equation A.4 ^ "^^^^ = 0.295 mol H,0
2 mol polyol OH 0.093 mol polyol OH
X = 6 ureas per 2 polyol OH = 6 ureas/chain
A.2. Formulation Calculations
All formulations are based on 100 parts of polyol. In order to calculate a
formulation, several parameters must be known -- the isocyanate index, catalyst package,
amount of water, and polyol equivalent weight. In all of the formulations in this thesis
work, the catalyst package was kept constant and was based on amount of polyol. So, the
amount of Dabco T-9, Dabco BL-1 1, and Dabco 33-LV were 0.14 g, 0.1 g, and 0.2 g,
respectively, for every 100 g of polyol. The amount of water can be calculated from the
equations in section A. 1 . The equivalent weight of the polyol is usually given but it can
be calculated from the molecular weight and average functionality by the following
equation:
.
. ^
molecularweight
. ,
.
,
Equation A. 5 ^— = equivalent weight
.
functionality
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With the equivalent weight of each compound, neglecting catalysts, the number of
equivalents of each functional group can be calculated.
Equation A.6 equivalents =
parts
equivalent weight
Formulations are determined by matching the number of equivalents. In polyurethane
foams, polyol hydroxyl groups and water molecules react with isocyanate groups. Using
an equivalent weight of 1075 for V-3137 polyol and 9 for water, the equivalents of
groups reacting with isocyanates are calculated, as shown below for the 5.31 pphp
formulation. Note that this reflects the fact that each water molecule reacts with two
isocyanates.
Table A. 1 Equivalents of Polyol and Water for 5.3 1 pphp Formulation.
Parts (g) Equivalents
Polyol V-3137 100 0.093
Water 5.31 0.59
Total 0.683
To calculate the required amount of isocyanate, the index must be taken into account.
index
Equation A.
7
equivalents of isocyanate = total equivalents x
103
equivalents of isocyanate = 0.683 x = 0.704
100
The equivalent weight of TDI is 87.1, making the required amount of isocyanate 61.32 g
at an index of 103.
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A.3. Calculation of Weight Fraction
Equation A.
8
weight fraction of hard segment =
TDI (g) + water (g) - CO, (g)
polyol (g) + TDI (g) + water (g) - CO^ (g)
A.4. Catalyst Selectivity
The following examples are to illustrate the concept of catalyst selectivity values
as introduced by Listemann and coworkers [1]. The equations are based on the limiting
yields of ureas and urethanes and account for the fact that polyurethane foams are
formulated to have more of one component (usually urea) than the other. The equations
needed to calculate selectivity are given below.
Equation A.9 Normalized Blow Rate = V^^^^
"^^^
hmiting yield
c ^- A in XT 1 ,4 o 1 r. . % yield urethaneEquation A, 1 0 Normalized Gel Rate =—
limiting yield
^ . . ^, ^ ,^ , . . Normalized Blow Rate
Equation A. 1 1 Blow to Gel Selectivity = .
Normalized Gel Rate
Assuming a limiting yield of 15.2% for urethane and 40.9% for urea, which are
typical yields for foams [1]. Ureas will outnumber urethanes 2.7:1 at complete
conversion. The following cases are considered: balanced catalysis, selective for urea,
and selective for urethane.
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A.4.1. Balanced Catalysis
If the catalyst package is balanced, neither urea nor urethane production is
favored over the other, and the products form as expected based on concentration. In
other words, at any time the number of ureas is 2.7 times that of urethanes. This will
correspond to a situation, for instance, in which 73% of the limhing urea yield has
formed and 27% of the limiting urethane yield has formed after some time, t. Therefore,
the normalized blow rate and the normalized gel rate are
Equation A. 1 2 normalized blow rate =— = 1 78
40.9
27
Equation A. 1 3 normalized gel rate = —- = 1 78
15.2
The selectivity value is one, indicating a balanced (no preference) catalyst.
A.4.2. Selective for Urea Reaction
If a catalyst preferentially catalyzes the urea reaction, then urea will form at a
faster rate and there will be more of it than expected at any given time. If half of the urea
has formed but only 10%) of the urethanes are present, then the normalized rates for the
blow and gel reactions are the following:
Equation A. 14 normahzed blow rate = = 1 .22
40.9
Equation A. 1 5 normalized gel rate = = 0.65
^ 15.2
1.22
Equation A. 1 6 selectivity =
-^-^
= 1 .8
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The selectivity value is greater than one, as expected for a catalyst that favors the
isocyanate/water reaction.
A.4.3. Selective for Urethane Reaction
If a catalyst preferentially catalyzes the urethane reaction, then urethane will form
at a faster rate and there will be more of it than expected at any given time. If 75% of the
urethanes have formed but only 30% of the ureas are present, then the normalized rates
for the blow and gel reactions are the following:
30
Equation A. 1 7 normalized blow rate = = 0 73
40.9
75
Equation A. 1 8 normalized gel rate = = 4.9
15.2
0 73
Equation A. 1 9 selectivity = —— = 0.15
4.9
As anticipated, a catalyst that expedites the urethane reaction is characterized by a
selectivity of less than one.
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APPENDIX B
PROGRAM FOR MEASURING THE TEMPERATURE PROFILE OF A FOAM
/*The following program is written in C for use with PC Lab and Data Translation boards
2805 and 707-T. Up to 7 channels of data can be collected, but commands for channels
5-7 have been turned into comment lines in the program shown below. */
#include <stdio.h>
#include <stdlib.h>
^include <conio.h>
#include "pcldefs.h"
#include "pclerrs.h"
^include <time.h>
^include <string.h>
#include <ctype.h>
FILE *in, *out;
main()
{
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clockj startjime, cdelay, ctime_elapsed, cdtime, dummyjime, temptime, interval,
max;
float degrees_c;
long maxtime, dtime, time_elapsed, delay;
int tc_type, channel;
int ch;
char *fname[10];
tc_type=75;
dtime=-l;
printf("Enter filenameAn");
scanf("%s", fname);
fname [strlen(fname)- 1 ]='\0'
;
printf("File name is %s\n", fname);
printf("What is the length of the experiment in seconds?\n");
scanf("%ld", &maxtime);
printf("Enter the desired delay time in secondsAn");
scanf("%ld", &delay);
if ((out= fopen(fname, "a")) !=NULL)
printf("file opened\n");
else
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printfC'could not open file\n");
start_time=clock();
max =maxtime*(int)CLOCKS_PER_SEC; /*maximum time in clock units*/
cdelay=delay*(int)CLOCKS_PER_SEC; /*delay time in clock units*/
if (delay>maxtime
|| delay<0)
printfC'Delay illegal value: %ld and %ld.\n", delay, maxtime);
if (cdelay<max && cdelay > 0) /*Delay time must be a legal value*/
{ /*begin if statement*/
start_time=clock(); /* gives starting time in clock time */
temptime=clock(); /* read the time (in seconds) */
ctime_elapsed = (temptime-start_time);
time_elapsed=ctime_elapsed/(int)CLOCKS_PER_SEC;
channel=l;
measure_thermocouple(tc_type, channel, &degrees_c);
209
fprintf(out,"\t%ld\t%f\t", time_elapsed, degrees_c);
channel=^2;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\t", degrees_c);
channel=3;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\t", degrees_c);
channel=4;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\n", degrees_c);
/* channel=5;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"\t%f\t", degrees_c);
channel=6;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"\t%At", degrees_c);
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channel=7;
measure_thermocouplc(lc_type, channel, &degrees_c);
fprintf(out,"\l%At", dcgrees_c); */
dummy_time=clock(); /* read the time */
cdtime = dummyjime-temptime; /*This is just a time increment*/
dtime=cdtime/ (int)CLOCKS_PER_SEC;
/*end of if-else statement*/
temptime=clock(); /* read the time (in seconds) */
ctime_elapsed = (temptime-startjime);
while (ctime_elapsed<max) /*in clock time*/
{ /* begin while loop*/
if(dtime >= delay)
{ /*begin if-else statement*/
temptime=clock(); /* read the time (in seconds) */
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ctime_elapsed - (temptime-startjime);
time_elapsed=ctime_elapsed/(int)CLOCKS_PER_SEC;
channel=l;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"\t%ld\t%At", time_elapsed, degrees_c);
channel=2;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\t", degrees_c);
channel=3;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\t", degrees_c);
channel=4;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\n", degrees_c);
channel=5;
measure_thermocouple(tc_type, channel, &degrees_c);
fprintf(out,"%f\t", degrees_c);
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channel=6;
measure_thermocoiiplc(tc_typc, channel, &dcgrces_c);
fprintf(out,"%At", degrees_c);
channel^?;
measure_thcrmocouplc(tc_type, channel, &degrces_c);
fprintr(out,"%l\t", degrees_c); */
} /*cnd of else portion of if-else statement*/
else
dummy_time=clock(); /* read the time */
cdtime = dummyjime-temptime; /*This is just a time increment*/
dtime=cdtime/ (int)CLOCKS_PER_SEC;
/*end of if-else statement*/
} /*end of while loop*/
fprintf(out,"\n\nData collection finishedAn");
printf("Data collection fmishedAn");
fclose(out);
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printf("file closed\n");
} /*end of first if statement
/*end of program*/
APPENDIX C
MALDI MASS SPECTROMETRY DATA
C. 1
.
Unidentified Peaks
There are a number of peaks in the MALDI spectra that are unidentified at this
time. The average percentage of the peaks that are unknown varies from 6% to 27% in
all of the samples. As indicated in the table below, a sizable portion of the unknown
intensity is found below 600 Daltons in some samples. These peaks most likely arise
from the matrix and would not affect the hard segment length distributions.
Table C.l Unidentified Intensity in MALDI Spectra.
Sample Unidentified Intensity
(% of Total)
% of Unidentified
below 600 Daltons
4-50 3.7±2.9 0
4-150 26.8±4.7 1.6
4-foam 16.9±6.4 54
6-50 9.3±4.6 7.4
6-80 5.9±1.4 0
6-150 11.1±5.9 24.4
6-foam 12.9±7.7 30.0
6-foam (3 day) 25.1±18.4 39
6-foam (5 day) 17.4±2.9 47.4
6-foam (7 day) 20.7±3.6 23.5
8-foam 20.0±4.1 77.2
Inspection of the tables that follow shows that there are many unidentified masses that are
recurrent; moreover, these peaks bear specific relationships to identified sample peaks
and probably are derivatives of the hard segments. There are many peaks which have
masses corresponding to the mass a hard segment without an adduct. However, only
molecules with charges are accelerated towards the detector; therefore, these masses
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cannot be neutral molecules. There are also many peaks that correspond to masses ten
less than a sample peak. For example, there are peaks at 579, 737, 875, 1023, etc. that
appear in almost all the spectra. The specific relationship to a sample peak (589, 737,
885, and 1033) suggests that each peak somehow relates to the sample. However, a mass
loss of 10 Daltons cannot be accounted for at this time. Some spectra also exhibit masses
that are 12 or 24 Daltons greater than a known sample peak. Again, such an addition
cannot be explained. As more work is done in this area, the identity of these peaks may
become known. At that time, the hard segment length distributions should be
recalculated. The positions and intensities of the peaks in all the spectra are listed in
Section C.3.
C.2. Hydrolysis Time
According to Chapter 5, some of the hydrolyzed material from the sample films
are insoluble; this was attributed to slower penetration of the basic solution into the grains
of the films. A natural response would be to react the films longer to allow the reactants
more time to penetrate. However, experiments on 6-foam showed that this was not a
feasible approach. If a foam was allowed to react for a longer time period of 3, 5, or 7
days, there was a significant change in the hard segment length distribution, as shown in
Figure C. 1 . With prolonged hydrolysis time the long chains are lost. Presumably, this is
due to a reaction similar to transesterification. It is postulated that the amine endgroups
formed during hydrolysis react at a urea carbonyl and split the chain into two hard
segments. This would essentially scramble the molecular weight, and since the newly
formed chains have masses expected of hard segments, there is no way to distinguish
which chains were divided. The effect would be most noticeable at the high molecular
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weight end where a single division would drastically decrease the weight. As the process
continues, the overall distribution shifts to lower molecular weight. After five days, the
distribution has reached equilibrium and no further shift occurs. It is interesting that
there is no change in the relative amount of cyclic species (Figure C.2) until after seven
days of reaction. Apparently, the cyclic species are not as susceptible to chain cleavage.
Figure C.l Mass distribution of non-cyclic hard segments in 6-foam (hydrolyzed for
different times) as determined by MALDI mass spectrometry. Each curve is an average
of five distributions.
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Figure C.2 Cyclic content in 6-foam as a function of hydrolysis time.
C.3, Raw Data
Each chain length distribution curve in Chapter 5 was an average of five spectra
fi-om five different films (except 6-80). Data for each spectrum are listed below. In order
to plot the cyclic structures and the non-cyclic structures on the same plot, the number of
repeats in the cyclic structures were calculated according to the molecular formula for
isocyanurates. As discussed in Chapter 5, these chains are not necessarily isocyanurates
but may be cyclic hard segments, in which case the total number of repeats will be
different from those in the plots. However, the mass tables in Chapter 5 make
comparison possible.
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C.3.1. Film 6-50
Table C.2 Intensity Table for 6-50, Isref.
Peak
Number
4_
5
Peak Mass
(Daltons)
451.2
567.3
568.3
589.3
Intensity
(arbitrary
units)
1.9213E+03
9.3549E+02
2.9907E+02
9.5209E+02
Assignment
Matrix
x=3; with 1 H
x=3; with 1 H
x=3; with 1 Na
Isotope
C
C
590.3 3.7141E+02 x=3; with 1 Na C
615.3 1.6117E+02 Trimer, n+m+x=l: with 1 Na C
715.4 1.2358E+03 x=4; with 1 H C
8 737.4 2.5004E+03 x-4; with 1 Na C
738.4 1.1729E+03 x=4; with 1 Na
10 739.4 2.9058E+02 x=4; with 1 Na C
11 837.4 3.1062E+02 x-4; with 1 Na; plus BuOH C
12
13
863.4 1.0369E+03 x=5; with 1 H
864.4 5.0135E+02 x=5; with 1 H C
14 885.4 3.1223E+03 x=5; with 1 Na
15
16
886.4 1.7217E+03 x=5; with 1 Na
887.4 4.8847E+02 x=5; with 1 Na C
17 985.4 3.2077E+02 x=5; with 1 Na; plus BuOH C
18 986.4 1.9123E+02 x-=5; with 1 Na; plus BuOH C
19
20
1011.4 5.2776E+02 x=6; with IH
1012.4 3.4502E+02 x=6; with IH
C
C
21 1033.4 2.1814E+03 x=6; with 1 Na C
22 1034.4 1.4916E+03 x=6; with 1 Na C
23 1035.4 5.2467E+02 x=6; with 1 Na 2^
24 1036.4 1.2584E+02 x=6; with 1 Na
25 1123.4 1.5761E+02 7
26 1124.4 1.1454E+02 9
27 1133.5 2.0668E+02 x=6; with 1 Na; plus BuOH TT,
28 1134.5 1.4808E+02 x=6; with 1 Na; plus BuOH C
29 1159.5 2.1923E+02 x=7 with 1 H Tlc
30 1160.5 1.6284E+02 x=7 with 1 H C
31 1181.5 1.1146E+03 x=7 with 1 Na C
32 1182.5 8.4316E+02 x-7 with 1 Na C
2^33 1183.5 3.3925E+02 x=7 with 1 Na
34 1184.5 1.0189E+02 x=7 with 1 Na
35 1329.5 3.7977E+02 x=8 with 1 Na
TlC
Tl
36 1330.5 3.4672E+02 x=8 with 1 Na
continued next page
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Table C.2 continued
37
38
39
133L5
1477.6
1478.6
1.5982E+02
1.8680E+02
1.7052E+02
x=8: with 1 Na
x=9; with 1 Na
2'^C
^^C
ACiHKJ
^ 1
AO
1479.5
1625.6
1626.6
1.075 lE+02
1.5334E+02
1.7461E+02
x=v;
x-9;
x-10
x-10
with 1 Na
with 1 Na
,
with 1 Na
,
with 1 Na
'^C
2'^C
^^C
'^C
Al. 1627.6 1.0977E+02 x=10
,
with 1 Na 2'^CAA 1773.6 1.1687E+02 x=ll
,
with 1 Na '^CA ^ 1774.6 1.6376E+02 x=ll
,
with 1 Na '^C
1775.6 1.0846E+02 ^ 1
1
X— 1 1 ^1^1 1 XT
,
With 1 Na 2'^CA
1
4 / 1921.6 8.8605E+01 x=12
,
with 1 Na '^C
4o 1922.7 1.0567E+02 x=12 with 1 Na
49 1923 7 7 5799F+ni x=12 with 1 Na ^ 13^2 X
50 2069.7 5.4994E+01 x=13. with 1 Na
51 2070.6 6.9398E+01 x=13. with 1 Na
5
Number of Repeats
Figure C.3 Mass distribution of hard segments in 6-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. Isref.
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Table C.3 Intensity Table for 6-50, 2sref.
Peak
Number
T
2
3
4
5
Peak Mass
(Daltons)
451.2
567.4
589.4
590.4
714.4
Intensity
(arbitrary
units'
3.5614E+03
1.3458E+03
9.7696E+02
3.8434E+02
2.4347E+02
Assignment
Matrix
x=3; with 1 H
x=3; with 1 Na
x=3; wkh 1 Na
9
Isotope
C
C
TT
715.4 1.8013E+03 x=4; with 1 H C
8
716.4 7.3581E+02 x=4; with 1 H
717.4 1.8855E+02 x=4; with 1 H
C
nC
727.4 6.7055E+02 7
10 728.4 3.0217E+02
11 737.4 2.6049E+03 x=4; with 1 Na C
12 738.4 1.2397E+03 x=4; with 1 Na
13 739.4 3.0857E+02 x=4; with 1 Na nC
14 863.4 1.3391E+03 x=5; with 1 H C
15 864.4 6.9368E+02 x=5; with 1 H C
16 875.5 5.6714E+02
17
18
876.5 3.3983E+02
885.4 3.2046E+03 x=5; with 1 Na C
19 886.4 1.7851E+03 x=5; with 1 Na C
20 887.5 5.4472E+02 x=5; with 1 Na C
21 897.4 2.6688E+02 Matrix?
22 917.5 2.4839E+02 Matrix?
23 985.5 3.2079E+02 x=5; with 1 Na; plus BuOH
24 1011.5 7.5676E+02 x=6; with 1 H
25 1033.5 2.3404E+03 x=6; with 1 Na
26
27
1034.5 1.5298E+03 x=6; with 1 Na
1035.5 5.2496E+02 x=6; with 1 Na TI
28 1159.6 3.4379E+02 x=7; with 1 H
29 1160.6 2.3737E+02 x=7; with 1 H
30 1181.6 1.1595E+03 x=7; with 1 Na C
31 1182.6 8.9160E+02 x=7; with 1 Na
TT32 1183.6 3.6097E+02 x=7; with 1 Na
33 1271.6 1.1505E+02
34 1329.6 3.8126E+02 x=8; with 1 Na
35 1330.6 3.6579E+02 x=8; with 1 Na C
36
37
1331.6 1 .6264E+02 x=8; with 1 Na
1455.7 7.6299E+01 x=9; with 1 H
13
c
c
38 1477.6 1.9285E+02 x=9; with 1 Na C
39 1478.6 1.9783E+02 x=9; with 1 Na
continued next page
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Table C.3 continued
40
41
42
43
44
45
46
47
48
49
50
1479.6
1625.7
1626.7
1627.7
1773.8
1774.7
1775.7
1921.7
1922.8
1923.8
2070.0
1.1625E+02
1.4112E+02
1.9254E+02
1.073 lE+02
1.2296E+02
1.6405E+02
1.0655E+02
8.1720E+01
1.0373E+02
8.2961E+01
6.058 lE+01
x=9; with 1 Na
x=i0
x=i0
x=iO
x=il
x=
X
x=
X
with 1 Na
with 1 Na
with 1 Na
with 1 Na
with 1 Na
with 1 Na
with 1 Na
with 1 Na
with 1 Na
with 1 Na
2'^
C
C
2"^
€
2~^
C
2
'5
C
51
52
2070.8 8.4140E+01
2071.8 6.9978E+01
x= 3 with 1 Na
x= with 1 Na
TT
2^
53 2217.9 4.9693E+01 x= with 1 Na nC
54 2218.8 5.1609E+01 x= with 1 Na TI
0.8
c
o
•X3
o
2 0.6
u
B 0.4
I
0.2
1 1—I > I—I 1—t—I—
r
0
no ii-cyclic|
Number of Repeats
15
Figure C.4 Mass distribution of hard segments in 6-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 2sref.
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Table C.4 Intensity Table for 6-50, 3sref.
Peak
Number
T
2
3
4
5
Peak Mass
(Daltons)
450.2
451.2
567.3
589.3
674.2
Intensity
(arbitrary
units'
2.7246E+03
3.4474E+03
9.8384E+02
4.7542E+02
2.5312E+02
Assignment
Matrix
Matrix
x=3; with 1 H
x=3 ; with 1 Na
Matrix
Isotope
C
nC
8
690.3 1.5069E+02 Matrix
715.4 1.2601E+03 x=4; with 1 H
716.4 5.6920E+02 x=4; with 1 H TT
727.4 6.4077E+02
10 737.4 1.2708E+03 x=4; with 1 Na 77C
11 738.4 5.8129E+02 x=4; with 1 Na TI
12 739.4 1.7432E+02 x=4; with 1 Na 2^
13 863.4 9.4756E+02 x=5; with 1 H 77C
14 864.4 4.8454E+02 x=5; with 1 H TT
15 865.4 1.5107E+02 x=5; with 1 H 2^
16 875.4 5.0496E+02 9
17 876.4 2.9350E+02
18 877.4 1.2126E+02 7
19 885.4 1.5413E+03 x=5; with 1 Na 77
20 886.4 8.3191E+02 x=5; with 1 Na 71
21 887.4 2.5803E+02 x=5; with 1 Na 2^
22 917.5 1.9820E+02 Matrix?
23 985.5 1.7183E+02 x-5; with 1 Na; plus BuOH 12c
24 1011.5 5.3742E+02 x=6; with 1 H 77c
25 1012.5 3.0189E+02 x=6; with 1 H 71
26 1013.5 1.2333E+02 x-6; with 1 H 2^
27 1023.5 2.3450E+02
28 1024.5 1.7107E+02
29 1025.5 8.6909E+01
30 1033.5 1.0264E+03 x=6; with 1 Na 77C
31 1034.5 6.5944E+02 x=6; with 1 Na 71
32 1035.5 2.4322E+02 x=6; with 1 Na 2^
33 1123.5 1.4399E+02
34 1124.5 1.0099E+02
35 1133.5 1.1688E+02 x=6; with 1 Na; plus BuQH 77c
71
36 1134.5 8.6838E+01 x=6; with 1 Na; plus BuOH
71
37
38
1159.6 2.4064E+02 x=7; with 1 H
1160.6 1.6927E+02 x=7; with 1 H
71
39 1161.6 8.8340E+01 x=7; with 1 H 2^
continued next page
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Table C.4 continued
40
il
42
43
44
45
46
47
48
49
1181.6
1182.6
1183.6
1271.6
1272.5
1307.6
1329.6
1330.6
1419.6
1455.6
4.895QE+02
3.591 8E+02
1.6490E+02
9.6582E+01
8.4134E+01
9.7008E+01
1.7392E+02
1.5624E+02
5.8197E+01
6.3093E+01
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 Na
x=8; with 1 H
x=8; with 1 Na
x=8; with 1 Na
x=9; with 1 H
2"^
C
C
c
c
50 1456.7 5.8922E+01 x=9; with 1 H
51
52
1477.7 8.3250E+01
1478.7 8.6630E+01
x=9; with 1 Na
x=9; with 1 Na
C
C
53
54
1479.7 6.4356E+01
1603.7 6.3027E+01
x=9; with 1 Na
x=10; with 1 H
T7
c
c
55 1625.6 7.7679E+01 x=10; with 1 Na
56
57
58
1626.7 7.6645E+01
1752.7 5.2328E+01
1774.7 6.6462E+01
x-10; with 1 Na
x=ll; with 1 H
x=l 1; with 1 Na
59 1922.8 5.3040E+01 x=12; with 1 Na
0.8
0.6
O
u
u
6 0.4
0.2
"1
—
^
"1
1 1 1 1 1 1 1 1 1 r
Q !—I—I I—L—J L—l—I 1—
L
0
noii-cyclic|
1^ 1 1 J
15
Number of Repeats
Figure C.5 Mass distribution of hard segments in 6-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref.
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Table C.5 Intensity Table for 6-50, 4sref.
Peak Mass
(Daltons)
Intensity
(arbitrary units)
1.1409E+03
Assignment
Matrix
?
with 1 H
x=^3; with 1 Na
with 1 Na
Isotope
C
C
C
10
11
738.3 5.7949E+02
739.3
x=4; with 1 Na
1.7300E+02 x=4; with 1 Na
T3C
2^
12
13
770.4 1.4457E+02
863.4 8.3305E+02 x-5; with 1 H c
14 864.4 4.4245E+02 x=5; with 1 H TJc
15 875.4 5.3269E+02
16 876.4 3.1982E+02 7
17
18
885.4 1.4057E+03 x=5; with 1 Na
886.4 7.4697E+02 x=5; with 1 Na
nC
TI
19 887.4 2.5350E+0 x=5; with 1 Na 2^
20 897.4 1.8449E+02
21 917.4 2.9884E+02 9
22 918.4 1.8583E+02
23 1011.4 4.3498E+02 x=6; with 1 H C
24 1012.4 2.9996E+02 x=6; with 1 H C
25 1013.4 1.3032E+02 x=6; with 1 H 2^
26 1023.4 2.5559E+02
27 1024.4 1.6192E+02
28 1025.5 1.1295E+02 7
29 1033.4 9.4410E+02 x==6; with 1 Na T2c
30 1034.4 6.3029E+02 x=6; with 1 Na TT
31 1035.4 2.2637E+02 x=6; with 1 Na 2^
32 1065.5 1.8689E+02
33 1066.5 1.1372E+02
34 1123.4 1.4122E+02 7
35 1159.5 2.1743E+02 x=7; with 1 H TIc
36 1160.5 1.6728E+02 x=7; with 1 H C
Tl
37 1181.5 4.7937E+02 x=7; with 1 Na C
TI
38 1182.5 3.9302E+02 x=7; with 1 Na
39 1183.5 1.5941E+02 x=7; with 1 Na 2^
40 1307.5 9.8752E+01 x=8; with 1 H TI
continued next page
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Table C.5 continued
41
HZ
1329.5
1330.5
1455.6
1.7241E+02
1.8639E+02
7.1890E+01
x-=8; with 1 Na ''c
41
x=8; with 1 Na
x-9; with 1 H ^^C44 1477.5 1.0319E+02 x=9; with 1 Na '^C4S 1478.5 1.0723E+02 x=9; with 1 Na '^C4^ 1604.5 5.6238E+01 x=10; with 1 H47 1625.6 8.5799E+01 x=10; with 1 Na ''c~ 48 lo26.5 9.5718E+01 x=10; with 1 NaAO 1627.5 7.4866E+01 x=10; with 1 Na 2'^CjU 1752.6 6.0163E+01 x-11; with 1 H '^C
J 1 1773.5 8.0283E+01 x=ll; with 1 Na '^C
JZ 1774.6 9.9076E+01 x=ll; with 1 Na '^C
1775.6 6.8502E+01 x=ll; with 1 Na 2'^C
j4 1 C\f\f\ /'1900.6 4.8001E+01 x=12; with 1 H '^C
55 1921 7 x-12; with 1 Na C
56 1922.6 7.4990E+01 x=12; with 1 Na
57 2070.6 5.1793E+01 x=13; with 1 Na
5 10
Number of Repeats
15
Figure C.6 Mass distribution of hard segments in 6-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 4sref.
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Table C.6 Intensity Table for 6-50, 5sref.
Peak Number
1_
2
3
Mass
Daltons
450.2
451.2
452.2
Intensity
arbitrary units
3.7395E+Q3
5.094 lE+03
2.8064E+03
7.2934E+02
1.7626E+02
9.5767E+02
5.29Q4E+02
1.5973E+02
5.7932E+02
1.5543E+03
8.2870E+02
2.5252E+02
2.9234E+02
5.5119E+02
3.3129E+02
2.7866E+02
1.7842E+02
1.0237E+03
7.0664E+02
2.5482E+02
1.6721E+02
2.7004E+02
1.8932E+02
1.0085E+02
4.4650E+02
3.9177E+Q2
1.6176E+02
1.0131E+02
1.481 lE+02
7.3954E+01
8.3917E+01
Assignment
Matrix
Matrix
Matrix
x=3; with 1 H
x=3; with 1 Na
x=3; with 1 Na
Matrix
x=4; with 1 H
x=4; with 1 H
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
x=5; with 1 H
x=5; with 1 H
x=5; with 1 H
?
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
Matrix?
x=6; with 1 H
x=6; with 1 H
x=^6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
?
x=7; with 1 H
x-7; with 1 H
x=7; with 1 H
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 Na
x=8; with 1 H
x=8; with 1 Na
x=9; with 1 H
x=9; with 1 Na
Isotope
continued next
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Table C.6 continued
41
42
1478.6
1479.6
9.5634E+01
6.0771E+01
x=9; with 1 Na
x=9; with 1 Na 2 '^C
43 1604.6 7.1392E+01 x-10; with 1 H '^c44 1625.6 6.7414E+01 x=10; with 1 Na
45 1626.6 7.6684E+01 x=10; with 1 Na '^C
46 1627.6 5.7751E+01 x=10; with 1 Na 2'^C
47 1752.6 5.8286E+01 x=ll; with 1 H '^C
48 1774.6 7.4764E+01 x=ll; with 1 Na ^^C
49 1775.6 5.9029E+01 x=ll; with 1 Na 2'^C
1
0.8
O
^ 0.6
0.2
0
Number of Repeats
Figure C.7 Mass distribution of hard segments in 6-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 5sref.
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Figure C.8 Mass distribution of non-cyclic hard segments in 6-50 (hydrolyzed for 1 day)
as determined by MALDI mass spectrometry. Average of five distributions.
C.3.2. Film 6-80
Table C.7 Intensity Table for 6-80, Isref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 400.8 1.1072E+03 Matrix
2 412.1 4.8824E+02 Matrix
3 413.1 2.0138E+03 Matrix
4 414.1 3.6950E+02 Matrix
5 559.1 1.1123E+03 Matrix
6 589.4 3.090 lE+02 x=3; with 1 Na
7 590.4 1.4066E+02 x=3; with 1 Na
8 605.3 1.1857E+02 x=3; with 1 K
9 615.3 1.6927E+02 Trimer, n+m+x=l; with 1 Na '^c
10 673.3 1.6604E+02 ?
11 675.3 1.7666E+02 ?
12 737.4 6.0154E+02 x=4; with 1 Na '^c
13 738.4 2.8260E+02 x=4; with 1 Na
14 749.4 1.3264E+02 ?
continued next page
Table C7
15
17
11
19_
20
21
continued
753.4
763.4
823.3
837.4
885.5
886.5
887.5
22
23
24
25
26
897.5
901.5
985.5
986.5
1.4975E+02
1.3840E+02
1.4408E+02
2.1626E+02
8.1159E+Q2
4.6169E+Q2
1.6705E+02
1.4573E+02
1.7228E+02
2.1140E+02
1.5716E+02
x=4; with 1 K
Trimer, n+m+x=2; with INa
?
x=4; with 1 Na; plus BuOH
x=5; with 1 Na
x=5; with 1 Na
x=^5; with 1 Na
x=5; with 1 K
x=5; with 1 Na; plus BuOH
x=5; with 1 Na; plus BuOH
C
C
c
c
2"^
c
c
c
1033.5 7.2369E+02 x=6; with 1 Na C
27
28
1034.5 4.7360E+02 x=6; with 1 Na
1035.5 1.8838E+02 x=6; with 1 Na
C
IT
29 1045.5 1.3472E+02
30 1049.5 1.3567E+02 x=6; with 1 K
31 1050.5 1.2386E+02 x=6; with 1 K C
32 1123.5 1.2053E+02 7
33 1133.6 1.7195E+02 x-6; with 1 Na; plus BuOH C
34 1134.6 1.2050E+02 x=6; with 1 Na; plus BuOH
35
36
1181.6 4.4257E+02 x=7; with 1 Na
1182.6 3.2006E+02 x=7; with 1 Na C
37 1183.6 1.6972E+02 x=7; with 1 Na c
38 1197.6 1.0329E+02 x=7; with 1 K C
39 1198.5 9.6825E+01 x-7; with 1 K
40 1271.6 8.8546E+01 7
41 1281.6 1.1075E+02 x=7; with 1 Na; plus BuOH C
42 1282.6 8.8672E+01 x-7; with 1 Na; plus BuOH
43 1329.6 1.9270E+02 x=8; with 1 Na C
44 1330.6 1.8883E+02 x=8; with 1 Na C
45
46
1477.7 1.2314E+02 x=9; with 1 Na
1478.7 1.1741E+02 x=9; with 1 Na
C
C
47 1625.7 1.1085E+02 x=10; with 1 Na
48 1626.7 8.9006E+01 x=10; with 1 Na T
49 1773.6 7.3219E+01 x=ll; with 1 Na C
2^50 1775.9 7.4889E+01 x=ll; with 1 Na
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1non-cyclic
5 10
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Figure C.9 Mass distribution of hard segments in 6-80 (hydrolyzed for 1 day)
determined by MALDI mass spectrometry. Sum of 200 shots. Isref.
Table C.8 Intensity Table for 6-80, 2sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 411.0 1.9216E+03 Matrix
2 413.0 1.9151E+03 Matrix
3 548.9 5.6935E+02 Matrix
4 559.1 1.4913E+03 Matrix
5 561.1 1.2063E+03 Matrix
6 571.1 3.5106E+02 Matrix
7 573.1 3.4885E+02 Matrix
8 589.3 2.5977E+02 x=3; with 1 Na
9 590.4 1.0874E+02 x=3; with 1 Na
10 615.3 1.2861E+02 Trimer, n+m+x= 1 ; with 1 Na '^c
11 673.3 1.1872E+02 ?
12 975.2 1.0773E+02 9•
13 689.4 1.0937E+02 x=3; with 1 Na; plus BuOH
14 715.4 1.0598E+02 x=4; with 1 H
continued next page
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TableCg
15
16
17
18
continued
737.4
738.4
749.4
763.4
19
20
21_
22
23
24
25
26
821.3
823.3
837.4
838.4
863.4
864.5
885.4
5.5651E+02
2.6573E+02
9.6328E+01
1.0595E+02
9.003 lE+01
8.9951E+01
1.6865E+02
1.0356E+02
9.5571E+01
8.0925E+01
7.7587E+02
x=4; with 1 Na
x=4; with 1 Na
?
Trimer, n+m+x=2: with i"n7
x-4; with 1 Na; plus BuOH
x=-4; with 1 Na; plus BuOH
x-5; with 1 H
x=5; with 1 H
x=5; with 1 Na
C
C
c
c
11
c
c
886.4 4.0022E+02 x=5; with 1 Na C
27
28
29
887.4 1.4542E+02
897.4
x=5; with 1 Na
1.1973E+02
911.4 8.4839E+01 Trimer, n+m+x==3; with 1 Na
2^
30 985.5 1.8561E+02 x-5; with 1 Na; plus BuOH nC
31 986.5 1.1897E+02 x-5; with 1 Na; plus BuOH TT
32
33
1033.5 6.544 lE+02 x=6; with 1 Na
1034.5 4.3238E+02 x=6; with 1 Na
TT
TT
34 1035.5 1.7170E+02 x=6; with 1 Na 2^
35 1045.5 1.0351E+02
36 1123.5 8.924 lE+01
37 1133.5 1.4527E+02 x-6; with 1 Na; plus BuOH TT
38 1134.6 1.1669E+02 x=6; with 1 Na; plus BuOH TT
39 1181.6 3.7589E+02 x=7; with 1 Na C
40
41
1182.6 2.9544E+02 x=7; with 1 Na
1183.6 1.291 lE+02 x=7; with 1 Na
13,
2^
42 1271.6 7.704 lE+01
43 1281.6 9.0744E+01
44 1329.6 1 .7654E+02 x=8; with 1 Na T5C
45 1477.7 1.1398E+02 x-9; with 1 Na TT
46 1625.7 7.7373E+01 x=10; with 1 Na TT
47 1774.8 7.0774E+01 x=ll; with 1 Na TTC
48 1922.8 6.8008E+01 x=12; with 1 Na TT
232
non-cyclic
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Figure C.IO Mass distribution of hard segments in 6-80 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 2sref;
Table C.9 Intensity Table for 6-80, 3sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 413.0 2.0807E+03 Matrix
2 459.2 6.9737E+02 Matrix
3 559.1 2.7013E+03 Matrix
4 589.3 1.4465E+02 x=3; with 1 Na
5 615.3 1.4366E+02 Trimer, n+m+x=l; with 1 Na
6 673.2 1.1397E+02
7 675.2 1.2412E+02 ?
8 715.4 8.6887E+01 x=4; with 1 H '^c
9 737.3 1 .9696E+02 x=4; with 1 Na '^c
10 738.3 1.1823E+02 x=4; with 1 Na '^c
11 837.4 9.8251E+01 x=4; with 1 Na; plus BuOH '^c
12 885.4 2.1838E+02 x=5; with 1 Na '^c
13 886.4 1.3090E+02 x=5; with 1 Na '^c
14 985.4 7.8587E+01 x=5; with 1 Na; plus BuOH •^c
15 986.5 8.0983E+01 x=5; with 1 Na; plus BuOH '^c
16 1033.4 1.6117E+02 x=6; with 1 Na
continued next page
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Table C.9 continued
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Figure C.l 1 Mass distribution of hard segments in 6-80 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref.
Table C.IO Intensity Table for 6-80, 4sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 342.2 0
2 413.0 3.4963E+03 Matrix
3 548.8 2.3799E+03 Matrix
4 559.0 5.5778E+03 Matrix
5 560.0 1.9729E+03 Matrix
6 561.0 4.5554E+03 Matrix
7 562.0 1.3106E+03 Matrix
8 589.3 2.4283E+02 x=3; with 1 Na
continued next page
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10
u
12
13
14
15
iZ
il
11
20
615.2
666.9
673.2
675.2
683.2
689.3
699.1
701.2
715.3
727.4
737.3
1.7689E+02
1.4819E+02
1.5427E+02
1.6741E+02
1.2320E+02
1.2677E+02
1.2014E+02
Trimer, n+m+x=l; with 1 Na
1.1436E+02
1.8620E+02
1.0983E+02
4.3820E+02
x=4; with 1 H
x=4; with 1 Na
C
C
21_
22
738.3 2.1802E+02
739.3
x=4; with 1 Na
9.1737E+01 x=4; with 1 Na
C
2^
754.3 1.3498E+02
23
24
763.3 1.2455E+02 Trimer, n+m+x=2; with 1 Na
764.6 1.2667E+02 Trimer, n+m+x=2; with 1 Na
25 772.8 1.3461E+02
26 781.0 1.5438E+02
27
28
783.0 1.5741E+02
837.4 1.7373E+02 x=4; with 1 Na; plus BuOH C
29 838.4 1.1092E+02 x==4; with 1 Na; plus BuOH C
30 863.4 1.6796E+02 x=5; with 1 H
31 864.4 1.0312E+02 x=5; with 1 H
32 885.4 5.1283E+02 x=5; with 1 Na
33 886.4 2.8806E+02 x=5; with 1 Na
34
35
887.4 1.2151E+02 x=5; with 1 Na
897.4 1.0962E+02
C
36 985.4 1.5345E+02 x=5; with 1 Na; plus BuOH
37 986.4 1.1035E+02 x=5; with 1 Na; plus BuOH C
38 1011.4 1.1316E+02 x=6; with 1 H
39 1012.4 8.8465E+01 x=6; with 1 H
40
41
1033.4 3.7735E+02 x=6; with 1 Na
1034.4 2.480 lE+02 x=6; with 1 Na
C
42 1035.4 1.1931E+02 x=6; with 1 Na TI
43 1045.4 9.2295E+01
44 1133.4 1.0523E+02 x=6; with 1 Na; plus BuOH C
45 1134.4 9.1761E+01 x=6; with 1 Na; plus BuOH C
46 1181.5 2.3056E+02 x=7; with 1 Na
47 1182.4 1.9062E+02 x=7; with 1 Na C
TT
48 1183.5 1.031 lE+02 x=7; with 1 Na
49
50
1329.5 1.3840E+02 x=8; with 1 Na
1330.5 1.0818E+02 x=8; with 1 Na
C
continued next page
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Table C.IO continued
Number of Repeats
Figure C.12 Mass distribution of hard segments in 6-80 (hiydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 4sref.
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Figure C.13 Mass distribution of non-cyclic hard segments in 6-80 (hydrolyzed for 1
day) as determined by MALDI mass spectrometry. Average of four distributions.
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Figure C.14 Mass distribution of cyclic hard segments in 6-80 (hydrolyzed for 1 day)
determined by MALDI mass spectrometry. Average of four distributions.
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C.3.3. Film 6-150
Table C.l 1 Intensity Table for 6-150, Isref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 450.1 6.7284E+02 Matrix
I 550.6 5.2614E+02 Matrix
J 551.6 2.1722E+02 Matrix
4 589.6 2.4315E+03 x=3; with 1 Na '^C
5 590.3 8.2876E+02 x=3; with 1 Na '^C
6 591.3 2.3305E+02 x=3; with 1 Na 2'^C
7 615.2 5.9889E+02 Trimer, n+m+x=l; with 1 Na '^C
8 616.2 2.2108E+02 Trimer, n+m+x=l; with 1 Na '^C
9 689.3 6.9923E+02 x-3; with 1 Na; plus BuOH '^C
10 690.3 2.8027E+02 x=3; with 1 Na; plus BuOH '^C
11 715.3 3.961 lE+02 x=4; with 1 H '^C
12 737.3 5.8615E+03 x=4; with 1 Na
13 738.3 2.7455E+03 x=4; with 1 Na
14 739.3 6.7042E+02 x=4; with 1 Na 2''C
15 749.3 7.8044E+02 7
16 763.3 5.7122E+02 Trimer, n+m+x=2; with 1 Na
n
"c
17 837.3 1.5256E+03 x=4; with 1 Na; plus BuOH n
18 838.3 7.6194E+02 x=4; with 1 Na; plus BuOH "c
19 839.3 2.1493E+02 x=4; with 1 Na; plus BuOH 2'-'C
20 885.3 6.2320E+03 x=5; with 1 Na
21 886.3 3.4905E+03 x=5; with 1 Na
22 887.3 1.0032E+03 x=5; with 1 Na 2'T
23 897.3 9.0449E+02 Matrix
24 898.3 5.4590E+02 Matrix
25 899.3 2.2987E+02 Matrix
26 901.3 4.2646E+02 x=4; with 1 K
—
27 911.3 2.4209E+02 Trimer, n+m+x=3; with 1 Na
28 912.3 1.8493E+02 Trimer, n+m+x=3; with 1 Na '^C
29 913.3 1.3874E+03 Trimer, n+m+x=3; with 1 Na 2 C
30 985.3 8.4277E+02 x=5; with 1 Na; plus BuOH
12^C
31 986.3 Z.90o Ib+Uz X—D, wun 1 iNa, pius duwo '^C
32 987.3 4.5642E+03 x=5; with 1 Na; plus BuOH 2'^C
33 1033.3 2.969 lE+03 x=6; with 1 Na '^C
34 1034.3 1.0308E+03 x=6; with 1 Na '^C
35 1035.3 1.0308E+03 x=6; with 1 Na 2"C
36 1045.3 6.5169E+02 ?
continued next page
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Table_C. 1
1
37
continued
1046.3
38
39
40
41
42
43
44
45
46
47
48
49
50
51
1047.3
1133.4
1134.4
1135.4
1181.4
1182.4
1183.4
1184.4
1193.4
1194.4
1281.4
1329.4
1330.4
1331.4
4.3190E+02
2.1178E+02
8.0703E+02
5.6818E+02
2.3367E+02
2.4305E+03
1.8154E+03
6.6485E+02
2.1408E+02
3.5917E+02
2.6114E+02
x-6; with 1 Na; plus BuQH
x-6; with 1 Na; plus BuOH
x-6; with 1 Na; plus BuOH
x=^7; with 1 Na
x=7; with 1 Na
x=7; with 1 Na
3.2055E+02
9.3103E+02
8.1649E+02
3.465 lE+02
x"=7; with 1 Na
?
"9
x=7; with 1 Na; plus BuOH
x=8; with 1 Na
x=8; with 1 Na
x=8; with 1 Na
IT
2^
T2
c
2^
3^C
17
c
c
T3
c
2^
52
53
1477.4 4.2410E+02 x=9; with 1 Na
1478.4 3.8723E+02 x=9; with 1 Na
TI
c
c
54
55
1625.5 2.0982E+02 x=10; with 1 Na
1627.5 1.1404E+02 x=10; with 1 Na
C
2^
56 1773.5 1.1628E+02 x=ll; with 1 Na TI
57
58
1775.5 8.1080E+01 x=ll; with 1 Na
1921.5 6.829 lE+01 x=12; with 1 Na
2^
59 1922.5 8.1745E+01 x=12; with 1 Na T^C
60 2070.5 4.7342E+01 x=13; with 1 Na 12,
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Figure C.15 Mass distribution of hard segments in 6-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. Isref.
Table C.12 Intensity Table for 6-150, 2sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 550.6 8.8594E+01 Matrix
2 567.3 1.2463E+02 x-3; with 1 H •^c
3 589.3 4.7880E+02 x=3; with 1 Na
4 590.3 1.6724E+02 x=3; with 1 Na
5 615.2 1.491 lE+02 Trimer, n+m+x= 1 ; with 1 Na '^c
6 616.3 5.9164E+01 Trimer, n+m+x=l; with 1 Na '^c
7 689.3 1.4141E+02 x=3; with 1 Na; plus BuOH '^c
8 690.3 7.7218E+01 x=3; with 1 Na; plus BuOH '^c
9 715.3 1.4215E+02 x=4; with 1 H '^c
10 716.3 6.7313E+01 x=4; with 1 H '^c
11 737.3 1.2686E+03 x=4; with 1 Na '^c
12 738.3 5.7857E+02 x=4; with 1 Na
13 739.3 1.4732E+02 x=4; with 1 Na 2'^C
14 749.3 2.0846E+02 7
15 750.3 1.1795E+02 ?
16 763.3 1.2981E+02 Trimer, n+m+x=2; with 1 Na
continued next page
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TableC
11
18
11
20
21
1 2 continued
837.3
838.3
885.3
886.3
887.3
22
23
24
25
26
27
897.3
898.3
899.3
985.3
986.3
3.248 lE+02
1.5884E+02
1.4179E+03
8.2970E+02
2.1892E+02
2.803 lE+02
1.5945E+02
6.3853E+01
3.1931E+02
1.8994E+02
x=4; with 1 Na; plus BuOH
x=4; with 1 Na: plus RuOH
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na; plus BuOH
x=5; with 1 Na; plus BuOH
C
C
c
2'^
17
c
13
c
987.3 7.0960E+01 x==5; with 1 Na; plus BuOH 2^
28
29
1033.3 1.1156E+03
1034.4
x=6; with 1 Na
7.0467E+02 x=6; with 1 Na
17
c
TT
30 1035.4 2.3160E+02 x=6; with 1 Na 2^
31 1045.3 2.1069E+02
32 1046.4 1.2865E+02
33 1133.4 1.7912E+02 x-6; with 1 Na; plus BuOH c
34 1134.4 1.2977E+02 x=6; with 1 Na; plus BuOH TI
35 1135.4 7.080 lE+01 x-6; with 1 Na; plus BuOH 2^
36 1181.4 5.7179E+02 x=7; with 1 Na T2C
37 1182.4 4.2725E+02 x=7; with 1 Na C
38 1183.4 1.6542E+02 x=7; with 1 Na 2^
39
40
1193.4 1.1914E+02 9
1194.4 1.0104E+02 7
41 1271.3 6.3999E+01 9
42 1281.4 7.8514E+01 x=7; with 1 Na; plus BuOH 17c
43 1329.4 2.3922E+02 x=8; with 1 Na
44 1331.4 8.690 lE+01 x=8; with 1 Na 2^
45 1341.4 6.3927E+01
46 1419.4 4.5190E+01
47 1429.5 4.3788E+01 9
48 1477.5 1.1199E+02 x=9; with 1 Na 17C
49 1478.5 1.0147E+02 x=9; with 1 Na C
50 1479.5 6.3194E+01 x=9; with 1 Na 2"C
17
51 1625.5 6.7788E+01 x=10; with 1 Na C
TI
52 1626.5 6.2489E+01 x=10; with 1 Na
53 1773.5 4.5128E+01 x=ll; with 1 Na
54 1774.6 4.9836E+01 x=ll; with 1 Na
55 1775.6 4.2232E+01 x=ll; with 1 Na 2^
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Figure C.16 Mass distribution of hard segments in 6-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 2sref.
Table C.13 Intensity Table for 6-150, 3sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 451.2 8.3906E+02 Matrix
2 567.3 7.7801E+02 x=3; with 1 H
3 568.3 2.6433E+02 x=3; with 1 H
4 589.3 9.8884E+02 x=3; with 1 Na '^c
5 590.3 3.6388E+02 x=3; with 1 Na '^c
6 615.3 1.0473E+02 Trimer, n+m+x=l; with 1 Na '^c
7 667.4 1.4276E+02 ?
8 689.3 2.7442E+02 x=3; with 1 Na; plus BuOH •^c
9 690.3 1.3860E+02 x=3; with 1 Na; plus BuOH '^c
10 715.4 9.722 lE+02 x=4; with 1 H '^c
11 716.4 4.2275E+02 x=4; with 1 H '^c
12 737.4 2.5720E+03 x=4; with 1 Na '^c
13 738.4 1.1500E+03 x=4; with 1 Na
continued next page
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Table_C.13
14
11
16
17
18
11
20
21
continued
740.4
749.4
837.4
838.4
839.4
863.4
864.4
885.4
22
23
886.4
9.5205E+01
2.5703E+02
5.8915E+02
3.0224E+02
1.0230E+02
5.7757E+02
2.9665E+02
2.5179E+03
1.3955E+03
x=4; with 1 Na |_2 '^C
?
x=4; with 1 Na; plus BuOH I '^C
x=4; with 1 Na; plus BuOH
x=4; with 1 Na; plus BuOH 2^
x=5; with 1 H ^
x=5; with 1 H ^
x=5; with 1 Na | ^
x=5; with 1 Na C
887.4 3.7775E+02 x=5; with 1 Na 2^
24 897.4 2.7850E+02
25
26
985.4 5.294 lE+02 x=5; with 1 Na; plus BuOH C
986.4 3.1515E+02 x=5; with 1 Na; plus BuOH C
27 987.5 1.1430E+02 x=5; with 1 Na; plus BuOH T3c
28 1011.5 2.8839E+02 x=6; with 1 H
29 1012.5 1.7215E+02 x=6; with 1 H
30 1033.4 1.6482E+03 x=6; with 1 Na C
31 1034.4 1.0897E+03 \^6; with 1 Na C
32 1035.5 3.5832E+02 x=6; with 1 Na C
33 1133.5 2.5363E+02 x=6; with 1 Na; plus BuOH C
34 1181.5 8.0371E+02 x=7; with 1 Na C
35 1182.5 6.2292E+02 x=7; with 1 Na C
36 1183.5 2.3487E+02 x=7; with 1 Na T7c
37 1282.6 9.0690E+01 x-7; with 1 Na; plus BuOH C
38 1329.6 3.1630E+02 x=8; with 1 Na
39 1477.6 1.4366E+02 x=9; with 1 Na C
40
41
1478.6 1 .4972E+02 x=9; with 1 Na
1625.6 9.1355E+01 x=10; with 1 Na C
42 1626.6 1.0626E+02 x=10; with 1 Na
43 1773.7 6.6316E+01 x=ll; with 1 Na C
44 1774.6 8.2718E+01 x=ll; with 1 Na
45 1921.7 5.5662E+01 x=12 ; with 1 Na
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Figure C.17 Mass distribution of hard segments in 6-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref.
Table C.14 Intensity Table for 6-150, 4sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 451.2 2.2278E+03 Matrix
2 559.0 2.0916E+03 7
3 560.0 6.8503E+02 ?
4 561.0 2.0773E+03 7
5 589.3 1.2692E+03 x=3; with 1 Na '^C
6 615.3 1.7494E+02 Trimer, n+m+x=l; with 1 Na
7 689.3 4.3356E+02 x=3; with 1 Na; plus BuOH
8 715.4 9.1175E+02 x=4; with 1 H '^c
9 727.4 3.2899E+02 7
10 728.3 1.7391E+02 7
11 737.3 2.8171E+03 x=4; with 1 Na
12 738.3 1.3072E+03 x=4; with 1 Na
13 739.4 3.4350E+02 x=4; with 1 Na 2'^C
14 749.3 2.9100E+02 7
15 763.3 2.2179E+02 Trimer, n+m+x=2; with 1 Na
continued next page
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Table C. 14 continued
837.4
863.4
16
17
18
20
21
22
23
24
25
26
27
28
864.4
885.4
886.4
887.4
897.4
985.4
986.4
1011.4
1033.4
1034.4
1035.4
6.6076E-02
5.2486E+02
2.9121 E+02
2.8156E+03
1.5634E+03
4.5624E+02
3.4644E+02
5.5986E+02
3.5224E+02
2.7462E+02
1.8299E+03
1.2813E+03
4.3033E+02
x=4; with 1 Na; plus BuOH I '^C
x=5; with 1 H ^
x=5; with 1 H ^
x=5; with 1 Na ^
x=5; with 1 Na ^
x=5; with 1 Na 2 '^C
9
x=5; with 1 Na; plus BuOH
x=5; with 1 Na; plus BuOH
x=6; with 1 H
x=6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
TiC
C
c
c
c
TI
29 1133.5 3.0281E+02 x=6; with 1 Na; plus BuOH C
C30 1134.5 2.1627E+02 x=6; with 1 Na; plus BuOH
31 1181.5 8.6943E+02 x=7 with 1 Na
32 1182.5 7.2437E+02 x=7 with 1 Na
33 1183.5 2.9556E+02 x=7 with 1 Na C
34
35
36
1330.5 3.1373E+02 x=8 with 1 Na
1331.5 1.5757E+02 x=8 with 1 Na
1477.6 1.3281E+02 x=9 with 1 Na
TI
c
37 1479.6 1.0026E+02 x=9 with 1 Na 13C
38 1625.6 1.0414E+02 x=10 with 1 Na
39 1626.6 1.0068E+02 x-10 with 1 Na C
40 1773.7 6.9444E+01 x=ll with 1 Na C
41 1774.7 9.1254E+01 x=ll with 1 Na C
42 1921.7 5.5015E+01 x=12 with 1 Na C
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Figure C.18 Mass distribution of hard segments in 6-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 4sref.
Table C.15 Intensity Table for 6-150, 5sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 451.2 1 .9294E+02 Matrix
2 487.1 9.6229E+01 7
3 589.3 1.3205E+02 x=3; with 1 Na '^C
4 590.3 6.7446E+01 x=3; with 1 Na
5 615.2 5.9828E+01 Trimer, n+m+x=l; with 1 Na
6 689.3 5.7144E+01 x=3; with 1 Na; plus BuOH
7 715.3 6.6928E+01 x=4; with 1 H
8 727.4 6.5186E+01 ?
9 737.3 2.5307E+02 x=4; with 1 Na
10 738.3 1.3614E+02 x=4; with 1 Na
11 739.3 5.8377E+01 x=4; with 1 Na 2'^C
12 740.2 3.6854E+01 x=4; with 1 Na 3'^C
13 749.3 8.7990E+01 ?
14 763.3 6.1975E+01 Trimer, n+m+x=2; with 1 Na '^C
15 764.3 4.6167E+01 Trimer, n+m+x=2; with 1 Na
16 837.3 7.7999E+01 x=4; with 1 Na; plus BuOH
continued next page
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19
23
26
30
11
32
33
34
885.3
886.3
887.3
986.3
1033.4
1034.4
1035.4
1045.4
1046.4
1181.4
1182.4
1193.4
1329.5
1330.5
6.7399E+01
2.6582E+02
1.5268E+02
7.2910E+01
8.841 lE+01
7.7354E+01
5.8303E+Q1
2.0543E+02
1.28Q1E+02
6.3663E+01
7.5434E+01
5.4898E+01
1.1186E+02
9.2256E+01
5.2715E+01
6.1027E+01
6.0574E+01
x=4; with 1 Na: phis RnOH
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na; plus BuOH
x=5; with 1 Na; plus BuOH
x=6; with 1 Na
x=6; with 1 Na
x^6; with 1 Na
x=7; with 1 Na
x=7; wjth 1 Na
7
x=8; with 1 Na
x=8; with 1 Na
TI
C
TI
TT
C
1477.5 4.3195E+01 x-9; with 1 Na T2c
35 1478.5 4.1846E+01 x=9; with 1 Na TT
36 1625.6 3.8905E+01 x=10; with 1 Na 17C
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Figure C.19 Mass distribution of hard segments in 6-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 5sref.
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Figure C.20 Mass distribution of non-cyclic hard segments in 6-150 (hydrolyzed for 1
day) as determined by MALDI mass spectrometry. Average of five distributions.
Number of Repeats
Figure C.21 Mass distribution of cyclic hard segments in 6-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Average of five distributions.
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C.3.4. Foam-6
Table C.16
Peak
Number
Intensity Table for 6-foam, 5sref.
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
7.3916E+02
Assignment
x=2; with 1 H
Isotope
445.3 5.9971E+02
451.2
Trimer, n+m+x=0: with 1 H
5.5881E+02 Matrix
567.4 8.3033E+02 x=3; with 1 H
589.4 6.2327E+02
615.4
x=3; with 1 Na
2.3358E+02 Trimer, n+m+x^l; with 1 Na
C
17
c
nC
c
7 616.4 9.1606E+01 Trimer, n+m+x=l; with 1 Na nC
8 715.5 1.1004E+03 x=4; with 1 H 12c
716.5 5.5770E+02 x=4; with 1 H TIc
10 727.5 2.1945E+02
11 737.5 2.2973E+03 x=4; with 1 Na TIC
12
13
738.5 1.0862E+03 x=4; with 1 Na
739.5 2.5855E+02 x=4; with 1 Na
C
2^
14 749.5 2.1459E+02 7
15 763.5 2.0628E+02 Trimer, n+m+x=2; with 1 Na c
16 837.5 2.8069E+02 x=4; with 1 Na; plus BuOH TI
17
18
863.5 8.3591E+02 x=5; with 1 H
885.5 2.9094E+03 x=5; with 1 Na
T7
c
TI
c
19 886.5 1.6117E+03 x=5; with 1 Na T3C
20
21
22
887.5 4.6954E+02 x=5; with 1 Na
897.5 2.8487E+02 Matrix
985.6 3.2815E+02 x=5; with 1 Na; plus BuOH
2^
TI
23 986.6 1.9628E+02 x-5; with 1 Na; plus BuOH TT
24 1011.6 3.5156E+02 x=6; with 1 H TIc
25 1012.6 2.1886E+02 x=6; with 1 H TI
26 1033.6 2.1625E+03 x=6; with 1 Na TIC
2^
27 1034.6 1.3358E+03 x=6; with 1 Na
28 1035.6 4.7760E+02 x=6; with 1 Na
29 1045.6 1.8846E+02
30 1181.7 1.0038E+03 x=7; with 1 Na
TT
31
32
1182.7 8.0604E+02 x=7; with 1 Na
1183.7 2.8997E+02 x=7; with 1 Na 2^
33 1329.7 3.9391E+02 x=8; with 1 Na
TI
c
34 1330.7 3.2723E+02 x=8; with 1 Na
TTC
35 1331.8 1.681 lE+02 x=8; with 1 Na 2^
TZ
36 1477.8 1 .9089E+02 x=9; with 1 Na
continued next page
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Table C.16 continued
Number of Repeats
Figure C.22 Mass distribution of hard segments in 6-foam (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 siiots. 5sref.
Table C. 1 7: Intensity Table for 6-foam, 6sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.4 2.1484E+02 x=2; with IH
2 445.3 1.8486E+02 7Yimcr, n ( m+x=0; with 1 1
1
3 451.3 2.9866E+02 Matrix
4 463.3 1.8314E+02 7
5 465.3 2.1995E+02 ?
6 487.3 1 .4630E+02 7
continued next page
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Table C.17 continued
7 507 9 1 .Z / VZi^-rUz 7
8
*^ V/ . o 1 .OJ J Jtl^+Uz 7
9 Z.O /ZUbi-Uz x=3; with IH
n
10 1.11 /jc+Uz x=3; with IH n
11 579 4 Q n7^np-i-niV.U / JUC/T^U 1 ?
12 589 4 1 . VZZUC/T^UZ x-3; with 1 Na TTT^
13 590 4 8 701 7P-I-010.Z7 1 /ili^U 1 X-3; with 1 Na —rr::
14 59^5 4J y ^ .T^ 1 78A0P4-071 .ZOOUci^UZ Trimer, n+m+x=l; with 1 H
15 61 S 4 7 1 7C4-n 1/ .4J 1 Ztl^i^U 1 Trimer, n+m+x=l; with 1 Na *T
16 _ . A •jl ITT
x-4; with IH
17 71 6 S Z. 104oj:1/ rUz A 'j1 ITTX-4; with IH
18 797 S 1 70A^P-i-07
19 79R S V. 1 JoJC+Ul
70 7*^7 ^ O.OjUJb-rUZ x=4; with 1 Na C
21 / JO. J J.Z /4JE.+UZ X-4; with 1 Na c
29 7'^Q ^/ J". J 1 0AA^P4-O71 .U04ji:1+Uz X-4; with 1 Na 2 C
2"? 7^^ ^ 1.11 jZr.i^Uz X-4; with 1 K c
24 OJ / .D 1 00^11^4-07 X-4; with 1 Na; plus BuOH c
2^ 0JO. J 0.4jZJn+Ul X-4; with 1 Na; plus BuOH c
2^^ ooj.o J. JOoVliT-Uz x~j; with IH c
27 o04.0 7 1 Q7/lTIi'-u07Z. 1 V /4b+Uz x-j; with IH L
28zo 87^ fi0 / J.O 1 '^A7QU-i-071 .JO / OC/^^UZ o
20 87A A0 / D.O C A0C7T7-1-01 of
'\0j\j 877 A0 / / .O J.jZ41 E/i^U 1 of•
0 1 88^ AOOJ.O Q AA7 1 t^-l-077.40Z 1 E/T^UZ \—J, Wlin 1 INa
oz 88/^ AOoO.O ^ 1 7Q^T74-07J. 1 /OJE/T-UZ X—J, Willi 1 IN a
887 Aoo / .0 1 .OJ 1 Oli^UZ X—J, Willi 1 INa 9 *VZ
807 ^07 /.J 1 'l70'lP-l-071 .J /UjE/^^UZ 9r
J J oVo.o O QOQAP-uOly.Woob+u 1 9f
JO 7/1 /IOU_lA 10,Z44Vh-rU 1 9
J / on 1 c 1 .4ooVb-T-uz X—J, wiin 1 iv
Jo yUz.o O 'J070TI?-Lniy.JoZob+U 1 X—J, wiui 1 rv
jy VUj.o X—J, Wlin 1 rv
4U y 1 1 .J / ,jy lOnj^yJ 1 1 nmcr, ii" itit^x j, wuii i iNd
/1
1
41 VoJ.O 1 7Q^/iT74-071 .ZoJ4i1^UZ X J, WlLll 1 INd, piUb XJUwl 1
4z VoO.O 7 7 1 Q^t7-I-01/.ZlVJlH/^^Ul v='^• \\/itV» 1 Mti' nine RiiOT4X J, WlUl 1 iNa, piUb OUWl 1
/1 14j yo / ,0 ^ /10A0T^4-01J.4U0yLl> ' U
1
v=:^* with 1 Mn* nine RiiOHA—J, WIUI 1 INa, [Jiuo uuvyii 2'^C
/I /I44 1 A 1 1 1lOl 1./ 7 n 1 ^71^4-07Z.UlUzci^UZ X o, wuii 1 n
1012 7 1 3236E+02 x=6; with IH
46 1013.7 6.4285E+01 x=6; with IH 2'^C
47 1023.7 8.1560E+01 ?
48 1024.6 6.0805E+01 ?
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Table C.17 continued
jU
C 1J 1
1033.6
1034.7
1035.7
6.668 lE+02
4.8694E+02
1.7381E+02
x=6; with 1 Na
x=6; with 1 Na
'^C
CO
1036.6 5.7493E+01
x=6; with 1 Na
x=6; with 1 Na
2'^C
3'^C
"
1 A /I ^1045.6 1 .0426E+02 ?
j4 1046,7 7.2780E+01 ?
<cjj 1049.6 1.1337E+02 x=6; with 1 K '^C
JO 1 A f1050.6 7.8291 E+01 x=6; with 1 K
J 1 1 123.6 1.0203E+02 ?
c o58 1 133.7 8.0352E+01 x=6; with 1 Na; plus BuOH
59 1 134.7 5.8945E+01 x=6; with 1 Na; plus BuOH '^c
60 1159.8 9.3540E+01 x=7; with IH
61 1181.7 3.3957E+02 x=7; with 1 Na '^c
62 1182.7 2.5662E+02 x=7; with 1 Na
63 1183.8 1.0697E+02 x=7; with 1 Na 2'^C
64 1184.8 4.9929E+01 x=7; with 1 Na 3'^C
65 1193.8 6.1567E+01 ?
66 1197.7 6.6845E+01 x=7; with 1 K '^C
67 1271.7 6.1639E+01 ?
68 1272.7 5.2587E+01 7
69 1329.8 1.4993E+02 x=8; with 1 Na
70 1330.8 1.2255E+02 x=8; with 1 Na '^c
71 1331.9 6.9166E+01 x=8; with 1 Na 2'^C
72 1332.8 4.6560E+01 x=8; with 1 Na 3'^C
73 1345.8 5.3040E+01 x=8; with 1 K
74 1419.9 4.6255E+01 ?
75 1420.8 4.3493E+01 7
76 1477.9 8.6056E+01 x=9; with 1 Na
11 1478.9 8.1962E+01 x=9; with 1 Na
78 1479.9 5.7527E+01 x=9; with 1 Na
n
2'^C
79 1625.9 6.1870E+01 x=10; with 1 Na
80 1627.0 7.1705E+01 x=10; with 1 Na
n
81 1628.0 4.3513E+01 x=10; with 1 Na
82 1774.1 5.1812E+01 x=ll; with 1 Na 'X
83 1775.0 5.7202E+01 x=ll; with 1 Na
84 1776.1 4.5550E+01 x=ll; with 1 Na 2'^C
85 1922.2 3.9164E+01 x=12;withlNa
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Figure C.23 Mass distribution of hard segments in 6-foam (hydrolyzed for 1 day)
determined by MALDI mass spectrometry. Sum of 200 shots. 6sref.
as
Table C.18 Intensity Table for 6-foam, 7sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.3 3.1519E+02 x=2; with 1 H
2 445.3 2.6875E+02 Trimer, n+m+x=0; with 1 H
3 451.2 3.4587E+02 Matrix
4 491.2 2.4264E+02 ?
5 507.2 2.3432E+02 ?
6 522.7 1.6763E+02 Matrix
7 550.7 2.5067E+02 Matrix
8 551.7 1.1406E+02 Matrix
9 567.4 4.2229E+02 x=3; with 1 H
10 568.4 1.5653E+02 x=3; with 1 H
11 589.4 2.5944E+02 x=3; with 1 Na '^c
12 590.4 9.3829E+01 x==3; with 1 Na '^c
13 593.3 1 .6204E+02 Trimer, n+m+x=l; with 1 H '^c
14 615.4 8.7977E+01 Trimer, n+m+x=l ; with 1 Na '^c
15 715.4 7.2284E+02 x=4; with 1 H '^c
16 716.4 3.0337E+02 x=4; with 1 H
continued next page
TableC
17
11
11
20
TA
22
23
24
25
26
1 8 continued
727.4
728.4
737.4
738.4
739.4
753.4
754.4
815.4
837.5
838.4
1.5Q95E+02
8.0564E+01
9.7578E+02
4.4121E+02
1.3642E+02
1.9642E+02
8.8733E+01
7.4812E+01
1.1846E+02
6.7589E+01
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 K
x=4; with 1 K
x=4; with 1 H; plus BuOH
x=4; with 1 Na; plus BuOH
x=4; with 1 Na; plus BuOH
C
2"^
T7
c
c
c
c
c
27 863.4 5.1927E+02 x=5; with 1 H 17c
28
29
864.4 2.7854E+02 x=5; with 1 H T3C
875.4
876.5
1.2205E+02
7.1050E+01
31 877.5 5.2571E+01
32 885.5 1.2813E+03 x=5; with 1 Na
33 886.4 6.9260E+02 x=5; with 1 Na TI
34 887.4 2.269 lE+02 x=5; with 1 Na 2^
35 897.4 1 .2727E+02
36 898.4 9.6895E+01
37 901.4 2.1784E+02 x=5; with 1 K
38 902.4 1.0683E+02 x=5; with 1 K TT
39 985.5 1.5489E+02 x=5; with 1 Na; plus BuOH C
40 986.5 7.9890E+01 x-5; with 1 Na; plus BuOH TT
41 1011.5 2.4285E+02 x=6; with 1 H 12.
42 1012.5 1.5307E+02 x=6; with 1 H TT
43
44
1013.5 5.8163E+01 x=6; with 1 H
1033.5 9.2707E+02 x=6; with 1 Na
2^
TI
45 1034.5 6.0995E+02 x=6; with 1 Na TT
46 1035.5 2.0734E+02 x=6; with 1 Na 2^
47 1036.5 6.4841E+01 x=6; with 1 Na
48 1045.5 8.9742E+01
49 1046.5 6.9530E01
50 1047.5 5.6934E+01
51 1049.5 1 .4297E+02 x=6; with 1 K TT
52 1050.5 1.0699E+02 x=6; with 1 K TT
53 1051.5 6.1954E+01 x=6; with 1 K 2^
54 1123.5 9.8078E+01 7
55 1124.5 6.8212E+01
TT
56 1133.5 7.9499E+01 x^6; with 1 Na; plus BuOH C
57 1134.6 6.1139E+01 x=6; with 1 Na; plus BuOH
TT
58 1159.6 9.8104E+01 x=7; with 1 H
continued next page
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Table_C.18
59
60
§1
62
63
64
65
continued
1160.6
1181.6
1182.6
1183.6
1184.6
1193.6
1194.6
7.7910E+01
4.5723E+02
3.3293E+02
1.3854E+02
5.4710E+01
6.2440E+01
5.6083E+01
x=7; with 1 H
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 Na
x=^7; wjth 1 Na
?
7
C
2^
3^
66
67
68
69
70
1195.6 4.9170E+01
1197.5 7.8223E+01
1198.5 6.6442E+01
1271.5 6.6675E+01
1272.6 6.0789E+01
x=7; with 1 K
x=7; with 1 K
Tl
c
nC
71
72
1329.6 1.7241E+02
1330.6 1.5314E+02
x=8; with 1 Na
x=8; with 1 Na T7C
73 1331.6 6.9053E+01 x=8; with 1 Na 2^
74 1345.6 4.6697E+01 x=8; with 1 K Tlc
75 1419.6 4.9087E+01
76 1420.6 4.2343E+01
77 1477.7 9.5855E+01 x=9 with 1 Na TlC
78 1478.6 8.8435E+01 x=9 with 1 Na C
C79 1625.7 7.4424E+01 x=10 with 1 Na Tl
80 1626.7 7.7952E+01 x=10 with 1 Na TlC
81
82
1773.7 5.7639E+01
1774.7 5.4147E+01
x=ll with 1 Na
x=ll with 1 Na C
83 1922.8 3.8902E+01 x=12 with 1 Na c
84 2070.9 3.3541E+01 x=13 with 1 Na TZ
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Figure C.24 Mass distribution of hard segments in 6-foam (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 7sref.
Table C.19 Intensity Table for 6-foam, 8sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.3 8.8616E+01 x=2; with 1 H
2 445.2 9.0095E+01 Trimer, n+m+x=0; with 1 H
3 451.2 1.0265E+02 Matrix
4 507.1 7.2479E+01 ?
5 522.6 8.5582E+01 Matrix
6 550.7 1.5381E+02 Matrix
7 551.6 7.5865E+01 Matrix
8 567.3 9.1689E+01 x-3; with 1 H
9 589.6 1 .2664E+02 x=3; with 1 Na
10 590.3 5.5441E+01 x=3; with 1 Na '^c
11 615.3 5.7390E+01 Trimer, n+m+x=l; with 1 Na '^c
12 715.4 1.3051E+02 x=4; with 1 H '^c
13 716.4 7.5617E+01 x=4; with 1 H '^c
14 737.3 4.6166E+02 x=4; with 1 Na
15 738.3 1.7824E+02 x=4; with 1 Na
16 739.4 5.701 lE+01 x=4; with 1 Na 2'^C
continued next page
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749.4
753.3
17
18
19
20
21
22
23
24
763.3
837.4
838.4
863.4
864.4
885.4
5.2097E+01
5.5665E+01
5.0656E+01
6.635QE+01
4.9932E+01
1.0270E+02
5.9860E+01
5.9409E+02
x=4; with 1 K
Trimer, n+m+x=2; with 1 Na
x=4; with 1 Na; plus BuOH
x=4; with 1 Na; plus BuOH
x=5; with 1 H
x=5; with 1 H
x=5; with 1 Na
C
TI
c
c
c
TT
25
26
27
28
886.4 3.0852E+02 x=5; with 1 Na
887.4 1.0404E+02 x=5; with 1 Na
897.4 6.4946E+01 Matrix
901.3 8.3437E+01 x=5; with 1 K
C
2^
T2
c
29 902.4 4.2825E+01 x=5; with 1 K Ti;
30 985.4 6.6808E+01 x=5; with 1 Na; plus BuOH 17c
31 986.4 4.9806E+01 x=5; with 1 Na; plus BuOH C
32 1011.4 5.5803E+01 x=6; with 1 H
33 1033.4 4.1725E+02 x=6; with 1 Na 7T
34 1034.4 2.7701E+02 x=6; with 1 Na TT
35 1035.4 9.8777E+01 x=6; with 1 Na 2^
36 1045.4 5.4286E+01
37 1049.4 6.4766E+01 x=6; with 1 K 17.
38
39
1050.4 5.4232E4-01 x=6; with 1 K
1123.4 4.1261E+01
TT
40 1133.5 5.6986E+01 x-6; with 1 Na; plus BuOH TT
41 1181.5 2.0065E+02 x=7; with 1 Na IT.
42 1182.5 1.5227E+02 x=7; with 1 Na TT
43 1183.5 7.3143E+01 x=7; with 1 Na 2^
44 1329.5 7.1393E+01 x=8; with 1 Na TT
45 1330.5 7.0509E+01 x=8; with 1 Na TT
46 1477.5 5.0302E+01 x=9; with 1 Na TIc
47 1478.5 4.9907E+01 x=9; with 1 Na TTc
TI48 1625.6 4.0994E+01 x=10; with 1 Na C
49 1626.6 4.1915E+01 x=10; with 1 Na
TZ
50 1773.6 3.7875E+01 x=ll; with 1 Na
51 1774.6 3.448 lE+01 x=ll; with 1 Na T3C
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Figure C.25 Mass distribution of hard segments in 6-foam (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 8sref.
Table C.20 Intensity Table for 6-foam, 9sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 2.3397E+02 x-2; with 1 H
2 451.2 6.3180E+02 Matrix
3 465.2 4.7848E+02 ?
4 487.1 1.2169E+02 ?
5 550.7 7.4610E+01 Matrix
6 566.3 7.6658E+01 ?
7 567.3 2.9929E+02 x=3; with 1 H
8 568.3 1.0091E+02 x=3; with 1 H "c
9 579.3 7.8393E+01 ?
10 589.3 1.0444E+02 x=3; with 1 Na '^c
11 593.3 9.4669E+01 Trimer, n+m+x=l; with 1 H '^c
12 605.2 3.4257E+01 x=3; with 1 K '^c
13 615.2 4.3979E+01 Trimer, n+m+x=l; with 1 Na
14 673.2 7.5285E+01 ?
15 674.2 7.6463E+01 ?
16 675.2 6.3283E+01 ?
continued next page
258
Table C.20 continued
27
28
29
30
11
32
33
34
35
36
37
38
739.3
753.3
837.3
863.3
864.3
865.3
875.3
876.3
885.3
886.3
887.3
6.9861E+01
7.3718E+01
5.1932E+01
3.1127E+02
1.7265E+02
4.8964E+01
1.3842E+02
7.6507E+01
4.871 lE+02
2.5928E+02
8.9467E+01
x=4; with 1 Na
x=4; with 1 K
x=4; with 1 Na; plus BuOH
x=5; with 1 H
x=5; with 1 H
x=5; with 1 H
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
C
C
c
c
2"^
c
2'^
39 897.2 8.5431E+01 7
40 898.2 5.7253E+01
41
42
901.3 8.4623E+01 x=5; with 1 K
902.3 4.7070E+01 x=5; with 1 K
11C
13
c
43
44
975.3 4.4710E+01 7
985.3 5.6508E+01 x=5; with 1 Na; plus BuOH C
45 1011.4 1.7441E+02 x=6; with 1 H C
46 1012.4 9.481 lE+01 x=6; with 1 H TT
47 1023.4 6.7896E+01 7
48
49
1024.4 3.9778E+01 7
1033.3 3.371 lE+02 x=6; with 1 Na 11C
50 1034.3 2.1594E+02 x=6; with 1 Na
51 1035.3 9.1550E+01 x=6; with 1 Na
52
53
1049.3 6.0864E+01 x=6; with 1 K
1050.3 3.7204E+01 x=6; with 1 K
TT.
17.
54 1123.3 5.5006E+01 7
55 1124.3 4.5070E+01 7
56 1159.4 6.1165E+01
57 1160.4 4.8377E+01
58 1181.4 1.5968E+02 x=7; with 1 Na 17,
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Table C.20 continued
59
60
61
62
63
64
65
66
67
68
69
70
1182.4
1271.3
1307.4
1329.4
1330.4
1477.3
1478.4
1625.4
1626.5
1627.4
1773.5
1.2515E+02
3.5900E+01
3.1065E+01
6.0232E+01
5.3274E+01
4.1704E+01
3.9561E+01
3.0093E+01
3.7964E+01
2.5492E+01
2.3855E+01
x=7; with 1 Na
7
x=8; with 1 H
x=8; with 1 Na
x=8; with 1 Na
x=9; with 1 Na
x-9; with 1 Na
x=10; with 1 Na
x=lQ; with 1 Na
x=10; with 1 Na
x=-ll; with 1 Na
71
72
73
1774.5 2.7882E+01
1775.4 2.4517E+01
1921.5 2.3635E+01
x=ll; with 1 Na
x=ll; with 1 Na
x= 12; with 1 Na
1922.5 2.2926E+01 x=12; with 1 Na
Figure C.26 Mass distribution of hard segments in 6-foam (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 9sref
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Figure C.27 Mass distribution of non-cyclic hard segments in 6-foam (hydrolyzed for 1
day) as determined by MALDI mass spectrometry. Average of five distributions.
0.8
10. 15
Number of Repeats
Figure C.28 Mass distribution of cyclic hard segments in 6-foam (hydrolyzed for 1 day)
as determined by MALDI mass spectrometry. Average of five distributions.
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C.3.5. Foam-6 (hydrolyzed for 3 days)
Table C.21 Intensity Table for 6-foam (hydrolyzed for 3 days), 2sref
Peak
Number
r c<tK IvidSS
1
J
:
1intensity
^^arDll^a^y
1 1 n 1 tf'c 1UIlllS
^
Assignment Isotope
1 445 3
1 rimer, n+m+x = 0; with 1 H FT"c
2 450 2 3 71 ^9F-4-no Matrix
3 451 2 7 9nAS^P4-no/ .ZUOoi_/^UZ Matrix
4 522 7 H.OyZOC/ 1 uz Matrix
5 523 7 1 .0jZUIj 1 uz Matrix
6 550 7 6 837SP-i-n9U.OJ / JJLv 1 wz Matrix
7 551 7 Z. J JUUC/ 1 uz Matrix
8 552 7 Matrix
9 566 3 8 Q71 9P-i-ni o
10 567 3 3 8679F-l-n9J .OU / ZI_/ I vZ x—J, witn 1
H
c
1
1
568 4 1 00S3P-l-n91 .WUJ JIZ/ < wz X—J, witn IH c
12 589 3 7 6337P4-n9 X—J, witti iiNa
13 590 4 Z. / J JUIZ/ ' uz X—J, Witn ilNa C
14 591 4 9 2810F+ni z possiDiiiiies
15 593 3 1 3334F+ri9i .J J JHC/ ' UZ o
•
16 1 QOI 8P+n9 irirner, ni^mi^x— i, witn i rsia L
17 715 4 1 0379P4-03 X — Wlin 1 rl L
18 716 4 4 '^^'^7P-l-n9 X — H-, wim 1 o
19 737 4 X — wim 1 iNa 12p
20 738 4 2 5n48P4-n3 X — wiin 1 In a
21 73Q 4 J."0J J tj 1 uz X — wim 1 iNa 9 'Vz U
22 749 4 5 4990F+n2 7
23 837 4 2 7706F4-02Z. / /\JUI-!/~vZ V = 4' w/Jth 1 XJi^' nine Rn014A Willi 1 INa, piUd DUv^ri
24 838 4 1 1960F+n2 Y = with 1 Nj^' nine RiiOHA *T, Willi 1 INd, piUo OUWO
25 862 4 8 nn67F+oi 9
26 863 4 8 9512F+02o*yj 1 zxL 1 wz Y = with 1 HA J, Willi 1 11 V-/
27 864 4 4 6603FH-02 Y = S* with 1 HA Willi 1 11
28 865 4 1 049nF4-02 Y = with 1 HA .J, Willi 1 11
2Q 875 4 2 55Q0FH-02Z.J J 7 VL* ' UZ 7
30 885 4 5 5510E+03 X = 5: with 1 Na
31 886.4 3.6417E+03 X = 5; with 1 Na
32 887.4 1.1032E+03 X = 5; with 1 Na 2'^C
33 897.4 6.8258E+02 7
34 898.4 4.2304E+02 7
35 901.4 2.2872E+02 X = 5; with 1 K
36 975.4 3.8976E+02 7
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Table C.21 continued
J 1
38
976.4
985.4
2.3055E+02
2.4698E+02
1.4223E+02
^n9'iP4-noJ .jUZjri/i^UZ
x =
.
X =^
?
5; with 1 Na; plus BuOH
5; with 1 Na; plus BuOH
X = 6; with 1 H
X = 6; with 1 H
39
40
986.4
1011 5
rrp;
41 1012 5
1013.5
9 0^^717-1-00Z.UOO / JHz+UZ
5.7827E+01
''C
^^C
43 1033 5 J.jUoZi^+Uj
A. u, wiin 1 rl
A u, wiin 1 1N3
2'^C
44 1034 5 9 1 044^4-0'^ X = 6; with 1 Na
45 1035 5 / .JO JVJiJ 1 uz X = 6; with 1 Na
X = 6; with 1 Na
TT
2 '•'C
3 ''C
46 1036 4 1 5778F-^n9I ,J / / OJ_v 1 wz
47 1045 5 070SP-^-n9 9
48 1 109 4 7 ^1 ^^P-t-fil/ . J 1 JOlJ 1 U 1 9
49 1110 4 4 447^F-4-ni ?
50 1 123 4 4 60791^^-09 ?
51 1 124 4 '2 ^20701^-4-09 ?
52 1 125 4 1 IQ'^OP-l-09 ?
53 1 133 5 / .DZ 1 Jij 1 U
1
X = 6; with 1 Na; plus RuOH *T
54 1 159 5 X = 7; with 1 H
55 1 160 5 4 71 S^P4-01 X = 7; with 1 H
56 11815 8 68^8F-i-09O.OOJOC/T^UZ X = 7; with 1 Na c
57 1 1 82 5 ^ ^^4^117-^09 X = 7; with 1 Na
58 1 1 8^ 5 9 1 '^06174-09Z. 1 jUoE/T^UZ X - /, with 1 Na 2 C
59 1 1 84 ^ c All} U4-01 X = 7; with 1 Na 3 C
60 1 9^7 ^IZJ / .J '3 0700T7J-01 9
•
61 19S8 ^ 9^11 7U4-01Z.D 1 1 / n,^\Ji ?
62 1971 5 1 8490T7-1-091 .oH-ZUlJ T UZ ?
63 1 ^^90 4 X = 8; with 1 Na c
64 1 ^^0 5 1 79Q7P-J-09 X = 8; with 1 Na C
65 11^1 5 A 0740P-1-01 X = 8; with 1 Na 9 'VZ L
66 1 H / / .0 9 9101 1^-1-09 X = 9; with 1 Na IVL
67 1 478 ^ 9 9'^00P-i-09Z.ZjUUrl/i^UZ X = 9; with 1 Na
68 1 47Q AIH /y,0 1 04Q1T7-1-09 X = 9; with 1 Na 9z C
60 1 4Qn A 9 'JO/lQPu-OI X = 9; with 1 Na 5 C
70/ u 1 ^9^ A 9 47091^4-09Z.4 /yzi^i^uz x= 10; with 1 Na
71 1 A9A A1 OZO.O Z.OM-J jJH/i^UZ x= 10; with 1 Na Up
79 1 fill fi1 OZ / .0 1 ^27701^-4-09 x= 10; with 1 Na Z
7"l 1 ^98 f1 OZo.O 0 ^20091^4-01 .x = 10; with 1 Na . Hp
74 1 77'^ Ai / / J.O 1 7004I7-I-09 x = 1 1 ; with 1 Na 'V
75 1 774 6 9 0803F+02 X = 1 1 ; with 1 Na
76 1775.6 1.0358E+02 X = 1 1 ; with 1 Na 2'^C
77 1776.5 2.6564E+01 X = 1 1 ; with 1 Na 3'^C
78 1921.6 5.1394E+01 X = 12; with 1 Na
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Table C.21 continued
Number of Repeats
Figure C.29 Mass distribution of hard segments in 6-foam (hydrolyzed for 3 days) as
determined by MALDI mass spectrometry. Sum of 60 shots. 2sref.
Table C.22 Intensity Table for 6-foam (hydrolyzed for 3 days), 3sref.
Peak Number Peak Mass
(Daltons)
Intensity
(arbitrary units)
Assignment Isotope
1 368.4 2.0044E+02 ?
2 369.4 4.9567E+01 7
3 487.1 2.6482E+01 ?
4 550.7 1.8095E+01 Matrix
5 589.3 1.8458E+01 x=3; with INa '^C
6 737.3 2.2616E+02 x==4; with INa '^C
7 738.3 9.5503E+01 x=4; with INa '^C
8 739.3 1.4204E+01 x=4; with INa 2'^C
9 753.2 2.1057E+01 x=4; with IK '^C
10 885.4 2.9513E+02 x=5; with INa '^C
11 886.4 1.4322E+02 x=5; with INa '^C
12 887.4 2.3188E+01 x=5; with INa 2'^C
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21
897.3
898.3
901.3
902.3
1033.4
1034.4
1035.4
1181.5
1182.5
1.8840E+01
1.0721E+01
2.893 lE+01
1.3708E+01
1 .096^+02
6.5602E+01
1.7504E+01
1.5113E+01
1.0896E+01
x=5; with IK
x=5; with IK
x=6; with INa
x=6; with INa
x=6; with INa
x-7; with INa
x^7; with INa
o
0.8
u
2 0.6
tin
0)
B 0.4
z
0.2
0
-I 1 1 1 r
0
-1—I I i_
non cyclici
J 1—
_l I I L. j I 1 L
5 10
Number of Repeats
Figure C.30 Mass distribution of hard segments in 6-foam (hydrolyzed for 3 days) as
determined by MALDI mass spectrometry. Sum of 60 shots. 3sref.
Table C.23 Intensity Table for 6-foam (hydrolyzed for 3 days), 4sref.
Peak Number Peak Mass Intensity Assignment Isotope
(Daltons) (arbitrary units)
1 368.4 4.0565E+01 ?
2 520.1 2.8816E+01 ?
3 575.1 6.088 lE+02 ?
4 576.1 2.8106E+02 ?
5 577.1 3.5342E+02 7
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Table C.23 continued
6
7
8
9
10
11
12
578.1
579.1
737.3
738.3
739.3
885.3
886.3
1.2955E+02
2.5357E+01
1.1050E+02
4.9040E+01
7.7032E+00
1.8078E+02
9.1065E+01
X = 4; with 1 Na
X = 4; with 1 Na
X = 4; with 1 Na
X = 5; with 1 Na
X = 5; with 1 Na
C
C
2"^
TT
13
14
15
887.3
897.3
901.3
1.5046E+01 X = 5; with 1 Na
1.3689E+01
1.1385E+01 x = 5; with 1 K
2^
16 1033.3 7.6278E+01 X = 6; with 1 Na C
17 1034.3 3.3003E+01 X = 6; with 1 Na TI
18 1035.3 1.2076E+01 X = 6; with 1 Na 2^
19 1181.4 7.8729E+00 X = 7; with 1 Na 71C
20 1329.4 4.2494E+00 X = 8; with 1 Na
0.8
O
u
5 0.6
u
g 0.4
z
0.2
0
T—
I
—
I
—
1
—
>
—
I
—I—T—1
—
I
—
r
0
non cyclic|
J 1 t__J L 1 I L L .J I I I I I I L.
5 10
Number of Repeats
15
Figure C.3 1 Mass distribution of hard segments in 6-foam (hydrolyzed for 3 days) as
determined by MALDI mass spectrometry. Sum of 60 shots. 4sref.
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Table C.24 Intensity Table for 6-foam (hydrolyzed for 3 days), 5sref.
Peak
Number
Peak Mass
(Daltons)
445.2
AssignmentIntensity
(arbitrary
units
1.5194E+01 Trimer
,
n+m+x-0; with 1 H
Isotope
C
567.2 2.2022E+01 x=3; with IH 17c
589.2 9.8900E+01 x=3 with INa c
4
5
590.2 2.1754E+01 x=3 with INa c
6
7
737.2 1.0802E+03
738.2
x=4 with INa
4.7909E+02 x=4 with INa
Tl
c
C
8
739.2 8.4243E+01 x=4
740.2
with INa
1.0868E+01 x=4 with INa
2^
3^
10
753.2 3.6189E+01 x=4 with IK
754.2 1.4213E+01 x=4; with IK TT
11 837.2 3.0314E+01 x=4; with INa; plus BuOH TIc
12 838.2 1.4297E+01 x-4; with INa; plus BuOH 13c
13
14
863.2 4.8217E+01 x=5; with IH
864.3 1.8523E+01 x=5; with IH
Tl
c
nC
15 885.2 1.4312E+03 x=5; with INa TIC
16 886.2 7.5413E+02 x=5; with INa C
17 887.2 1.8476E+02 x=5; with INa 2^
18 897.2 8.8922E+01
19 898.2 4.2840E+01 7
20 901.2 6.8906E+01 x=5; with IK
21 902.2 2.3728E+01 x=5; with IK 13C
22 975.2 2.4986E+01 7
23 976.2 1.2434E+01 7
24 985.3 2.9922E+01 x-5; with INa; plus BuOH TIC
25 986.3 1.3920E+01 x=5; with INa; plus BuOH TT
26 1033.3 6.2014E+02 x=6; with INa TIC
27 1034.3 3.6242E+02 x=6; with INa TI
28 1035.3 1.1770E+02 x=6; with INa 2^
29 1045.3 2.6214E+01 7
30 1046.3 1.7736E+01 7
31 1049.2 2.0907E+01 x=6; with IK
TT.
32
33
1123.2 4.3103E+01
1124.2 2.5363E+01
34 1181.3 1.0408E+02 x=7; with INa
TI
c
35 1182.3 6.3803E+01 x=7; with INa
nC
36 1183.3 1.7442E+01 x=7; with INa 2^
37 1271.3 9.9953E+00
38 1272.3 1.0390E+01
39 1329.3 1.2290E+01 x=8; with INa
TT
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Table C.24 continued
40 1330 3 x-6; with INa
1
41
x-9; with INa it::
42 1478 3 X-9; with INa VXT.
43 1625.3 6.9493E+00 x=10* with INp I2p
44 1626.4 8.2323E+00 x=10; with INa
45 1774.4 4.7916E+00 x=ll; with INa
46 1775.4 3.8904E.00 x=ll; with INa
Figure C.32 Mass distribution of hard segments in 6-foam (hydrolyzed for 3 days) as
determined by MALDI mass spectrometry. Sum of 60 shots. 5sref.
Table C.25 Intensity Table for 6-foam (hydrolyzed for 3 days), 6sref.
Peak
Number
Peak Mass Intensity
(arbitrary
units)
Assignment Isotope
1 440.2 3.5812E+01 ?
2 441.2 3.5714E+01 x=2; with INa
3 445.2 4.4436E+01 Trimer, n+m+x = 0; with 1 H
4 487.1 6.5009E+01 9•
5 567.2 8.5918E+01 x=3; with IH
6 568.2 2.4134E+01 x=3; with IH
7 589.2 4.1349E+02 x=3; with INa
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Table C.25
8
9
10
n
12
13
continued
590.2
591.2
593.2
615.2
616.2
617.2
1.2885E+02
2.2345E+01
2.7795E+01
1.1552E+02
4.0227E+01
1.2017E+01
x=3; with INa
x=3; with INa
x=3; with INa
Trimer, n+m+x=l; with 1 Na
Trimer, n+m+x=l; with 1 Na
Trimer, n+m+x=l; with 1 Na
C
2^
3'^
C
C
2'^
14 715.3 3.2186E+02 x=4; with IH C
15
16
737.2 3.2771 E+03
738.2 1.5437E+03
x=4; with INa
x=4; with INa
C
TI
IZ
18
739.3 3.5507E+02 x=4; with INa 2^
740.3 6.3894E+01 x=4; with INa
11
20
749.2 4.5490E+02
753.2 5.0425E+02 9
21 863.6 5.6368E+00 x=5; with IH TZ
22 885.3 4.4382E+03 x=5; with INa TI
23 886.3 2.6489E+03 x=5; with INa
24 887.3 7.6833E+02 x=5; with INa
25 888.3 1 .4046E+02 x=5; with INa 3^
26 897.3 6.9295E+02
27
28
898.3 3.9765E+02
901.2 7.9886E+02 x=5; with IK TIc
29 902.2 4.5008E+02 x=5; with IK TI
30 903.2 1.5880E+02 x=5; with IK 2^
31 904.2 4.3558E+01 x=5; with IK 3^
32 975.2 4.8356E+02
33 1033.3 2.6331 E+03 x=6; with INa TI
34 1034.3 1.7337E+03 x=6; with INa TI
35 1035.3 5.6313E+02 x=6; with INa 2^
36
37
1036.3 1.1771E+02
1045.3 3.1250E+02
x=6; with INa
9
3^
38 1049.2 4.4005E+02 x=6; with IK TZ
39 1050.2 2.6602E+02 x=6; with IK TI
2^40 1051.2 1.0140E+02 x=6; with IK
3^41 1052.2 2.8473E+01 x=6; with IK
42 1123.3 7.5886E+02
43 1124.3 5.4230E+02
44 1125.2 1.8488E+02
45 1126.2 4.3854E+01
TT
46 1181.3 6.8249E+02 x=7; with INa C
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1182.3
1183.3
1184.3
1271.3
270
non-cyclic
Number of Repeats
Figure C.33 Mass distribution of hard segments in 6-foam (hydrolyzed for 3 days) as
determined by MALDI mass spectrometry. Sum of 60 shots.
Figure C.34 Mass distribution of non-cyclic hard segments in 6-foam (hydrolyzed for 3
days) as determined by MALDI mass spectrometry. Average of five distributions.
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Figure C.35 Mass distribution of cyclic hard segments in 6-foam (hydrolyzed for 3 days)
as determined by MALDI mass spectrometry. Average of five distributions.
C.3.6. Foam-6 (hydrolyzed for 5 days)
Table C.26 Intensity Table for 6-foam (hydrolyzed for 5 days), Isref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 342.2 0
2 411.0 1.1752E+03 ?
3 413.0 1.1407E+03 9«
4 418.8 2.5307E+02 ?
5 419.2 1.1450E+03 x=2; with 1 H 12 Q
6 420.2 3.3554E+02 x=2; with 1 H
7 445.2 7.7308E+02 Trimer, n+m+x==0; with 1 H
8 449.1 9.8983E+02 7
9 450.1 1.4996E+03 Matrix
10 451.1 1.5377E+03 Matrix
11 465.1 5.2300E+02 9•
12 506.1 3.7407E+02 ?
13 507.1 4.4807E+02 ?
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Table^26
14
continued
522.6
17
18
11
20
21
22
23
24
550.7
559.0
561.0
567.3
568.3
569.3
589.3
590.3
593.3
2.4766E+02
5.698 lE+02
1.1727E+03
1.0391E+03
1.4803E+03
5.3647E+02
1.6078E+02
6.1355E+02
2.8425E+02
6.005 lE+02
Matrix
Matrix
?
"9
x=3; with 1 H
x=3; with 1 H
x=3; with 1 H
x=3; with 1 Na
x=^3; with 1 Na
Trimer, n+m+x=l; with 1 H
C
2'^
7T
IT
TT
25
26
594.3
605.3
606.3
2.6005E+02 Trimer, n+m+x=l: with 1 H
3.0916E+02 x=3; with 1 K
1.3839E+02 x=3; with 1 K
TT C
TT
c
TT
c
27
28
607.3
615.3
8.0773E+01 x=3; with 1 K
2.3334E+02 Trimer, n+m+x=l; with 1 Na
2^
TT
c
29 714.3 4.8476E+02
30
31
715.3
716.3
4.0109E+03 x=4; with 1 H
1.8569E+03 x=4; with 1 H
17 C
TT
c
32 717.3 4.7957E+02 x=4; with 1 H 2^
33 727.3 5.2454E+02
34 737.3 4.6224E+03 x=4 with 1 Na TT
35 738.3 2.2686E+03 x=4 with 1 Na TT
36
37
739.3
753.3
6.3757E+02 x=4 with 1 Na
2.0599E+03 x=4 with 1 K
2^
TT
c
38 754.3 9.708 lE+02 x=4 with 1 K C
39 755.3 3.9123E+02 x=4 with 1 K 2^
40 863.4 2.6873E+03 x=5 with 1 H TT
41 864.4 1.4917E+03 x=5 with 1 H TT
42 885.3 5.5271E+03 x=5 with 1 Na TTc
43 886.4 3.1602E+03 x=5 with 1 Na TT C
44 887.3 9.9539E+02 x=5 with 1 Na 2^
45 901.3 2.3517E+03 x=5 with 1 K TTc
46 902.3 1.3320E+03 x-5 with 1 K TT
47 903.3 5.6689E+02 x=5 with 1 K 2^
48 1011.4 7.1831E+02 x=6 with 1 H TT
49 1012.4 4.7063E+02 x=6 with 1 H TT
2^50 1013.4 1.7798E+02 x=6 with 1 H
51 1033.4 2.1243E+03 x=6 with 1 Na TTc
TT
52 1034.4 1.4298E+03 x=6 with 1 Na 2^53 1035.4 5.4560E+02 x=6 with 1 Na
54 1049.4 8.7114E+02 x=6 with 1 K TT
55 1050.4 6.1038E+02 x=6 with 1 K
TT
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Table_C.26
56
57
continued
1051.4
1123.4
58
59
1124.4
1139.4
1159.5
2.7573E+02
3.3091E+02
2.2113E+02
1.8329E+02
x=6; with 1 K
9
2''C
60
61
62
63
64
1.3240E+02
1160.5 1.0578E+02
1181.5 3.9487E+02
1182.4 3.0156E+02
1183.4 1.5121E+02
x=7; with 1 H
x=7; with 1 H
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 Na
IT
TT
"IT
TT
c
c
c
2^
65 1197.5 1.5660E+02 x=7; with 1 K TTc
66 1198.5 1.5056E+02 x=7; with 1 K TT C
67
68
69
1257.5 6.6792E+01
1271.5 9.5428E+01
1272.4 9.4164E+01
7
9
70
71
1287.4 6.9388E+01
1329.5 1.0300E+02
9
x=8; with 1 Na
72 1330.5 1.0027E+02 x=8; with 1 Na C
73 1477.6 1.0603E+02 x=9; with 1 Na C
74 1478.5 1.0699E+02 x=9; with 1 Na
75 1493.6 6.5426E+01 x=9; with 1 K
76 1625.6 9.4745E+01 x=10; with 1 Na
77 1626.6 1.0091E+02 x=10; with 1 Na
78 1641.6 6.3163E+01 x=10; with 1 K C
79 1642.5 5.7054E+01 x=10; with 1 K C
80 1774.7 6.9386E+01 x=ll; with 1 Na
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Figure C.36 Mass distribution of hard segments in 6-foam (hydrolyzed for 5 days)
determined by MALDI mass spectrometry. Sum of 200 shots. Isref.
Table C.27 Intensity Table for 6-foam (hydrolyzed for 5 days), 2sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 418.2 1.5920E+02 ?
2 419.2 5.4504E+02 x=2; with 1 H
3 420.2 1.6553E+02 x=2; with 1 H
4 423.4 2.6770E+02 7
5 445.2 3.3361E+02 Trimer, n+m+x=0; with 1 H '^c
6 450.1 1.1670E+03 Matrix
7 451.1 1.2581E+03 Matrix
8 464.1 2.0813E+02 ?
9 465.1 5.2075E+02 ?
10 522.6 3.4037E+02 Matrix
11 550.6 5.8207E+02 Matrix
12 566.3 1 .4478E+02 7
13 567.3 6.434 lE+02 x=3; with 1 H '^c
14 568.3 2.3171E+02 x=3; with 1 H '^c
15 589.2 1.8572E+02 x=3; with 1 Na '^c
16 590.2 1.0420E+02 x=3; with 1 Na
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17
11
20
continued
593.2
615.2
714.3
715.3
21
22
23
24
716.3
717.3
718.3
727.3
2.3781E+02
9.5792E+01
2.5765E+02
1.7216E+03
7.2863E+02
1.9060E+02
6.6822E+01
3.8761E+02
Trimer, n+m+x=l; with 1 H
Trimer, n+m+x=l; with 1 Na
?
x=4; with 1 H
x=4; with 1 H
x=4; with 1 H
x=4; with 1 H
C
C
T7
c
2^
3^
25 728.3 2.1541E+02
26
27
28
737.3 1.5220E+03 x=4; with 1 Na
738.3 6.9650E+02 x=4; with 1 Na
739.3 2.076 lE+02 x=4; with 1 Na
C
c
2^
29
30
753.2 2.5397E+02 x=4; with 1 K
754.2 1.1796E+02 x=4; with 1 K T3c
31 837.3 7.9714E+01 x-4; with 1 Na; plus BuOH c
32 862.3 1.2792E+02
33 863.3 1.0901E+03 x=5; with 1 H ITc
34 864.3 6.4102E+02 x=5; with 1 H c
35
36
37
865.3 1.6927E+02 x=5; with 1 H
875.3 3.0360E+02
876.3 1.6192E+02
2^
38 885.3 1.8443E+03 x=5; with 1 Na TIC
39
40
41
886.3 9.8917E+02 x=5; with 1 Na
887.3 3.1954E+02 x=5; with 1 Na
897.3 1.6184E4-02
TI
2^
42 901.3 3.1656E+02 x=5; with 1 K Tlc
43 902.3 1.7341E+02 x=5; with 1 K c
44 903.2 9.5663E+01 x=5; with 1 K 2^
45 975.3 1.2062E+02
46 976.3 9.4666E+01
47 985.3 8.5672E+01 x=5; with 1 Na; plus BuOH TIc
48 986.4 7.3560E+01 x=5; with 1 Na; plus BuOH TI
49 1011.3 2.7669E+02 x=6; with 1 H C
50 1012.4 1.9512E+02 x=6; with 1 H 13c
51 1013.4 8.2017E+01 x=6; with 1 H 2^
52 1033.3 6.8302E+02 x=6; with 1 Na C
53 1034.3 4.5983E+02 x=6; with 1 Na C
54 1035.4 1.7374E+02 x=6; with 1 Na 2^
55 1049.3 1.3085E+02 x=6; with 1 K C
56 1050.3 8.7260E+01 x=6; with 1 K
TI
c
57 1123.3 1.5715E+02 7
58 1139.3 7.5697E+01
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Figure C.37 Mass distribution of hard segments in 6-foam (hydrolyzed for 5 days) as
determined by MALDI mass spectrometry. Sum of 200 shots. 2sref.
Table C.28 Intensity Table for 6-foam (hydrolyzed for 5 days), 3sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 4.8104E+02 x=2; with 1 H
2 420.2 1.3818E+02 x=2; with 1 H "c
3 423.4 2.2888E+02 7
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4
5
6
7
8
continued
424.4
445.2
446.2
450.1
451.1
9_
10
11
12
13
M
15
16
17
18
465.1
466.1
507.1
522.6
550.6
551.6
566.3
567.3
568.3
8.2773E+01
2.7623E+02
1.3108E+02
1.1546E+03
1.1872E+03
7.9277E+02
3.4477E+02
3.4568E+02
1.3681E+02
2.4869E+02
1.1219E+02
1.3943E+02
7.0530E+02
2.5027E+02
Trimer, n+m+x=0; with 1 H
Trimer, n+m+x-0; with 1 H
Matrix
Matrix
Matrix
Matrix
Matrix
7
x=3; with 1 H
x=3; with 1 H
C
C
c
TT
569.2 7.3997E+01 x=3; with 1 H 2^
19 579.3 1.6516E+02
20
21
589.3 1.9093E+02 x=3; with 1 Na C
22
590.3 9.6116E+01 x=3; with 1 Na
593.2 2.6520E+02 Trimer, n+m+x=l; with 1 H
c
Tl
c
23
24
594.3 1.2142E+02
605.2
Trimer, n+m+x=l; with 1 H
7.2365E+01 x=3; with 1 K
C
25
26
615.2 7.4846E+01 Trimer, n+m+x=l; with 1 Na
714.3 2.4737E+02
27 715.3 1.9993E+03 x=4; with 1 H c
28 716.3 9.0174E+02 x=4; with 1 H 77c
29 717.3 2.1229E+02 x=4; with 1 H 2^
30 727.3 6.3608E+02
31
32
728.3 2.7664E+02
729.3 1.1901E+02 7
33
34
737.3 1.5194E+03 x=4; with 1 Na
738.3 7.3086E+02 x=4; with 1 Na
TTC
13
c
35 739.3 2.1746E+02 x-4; with 1 Na 2^
36 753.3 2.4238E+02 x=4; with 1 K nC
37 754.3 1.1904E+02 x=4; with 1 K TI
38 815.3 8.0670E+01 x-4; with 1 H; with 1 BuOH
39 862.3 1.2724E+02 7
40 863.3 1.3029E+03 x=5; with 1 H TZ
41 864.3 6.8994E+02 x=5; with 1 H C
42 865.3 2.0918E+02 x=5; with 1 H 2'^C
43 875.3 4.3610E+02 7
44 876.3 2.4496E+02
45 877.3 9.5375E+01
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Figure C.38 Mass distribution of liard segments in 6-foam (hydrolyzed for 5 days) as
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref.
Table C.29 Intensity Table for 6-foam (hydrolyzed for 5 days), 4sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 418.2 1.3314E+02 ?
2 419.2 4.2113E+02 x=2; with 1 H '^C
3 420.2 1.2763E+02 x=2; with 1 H
4 445.2 2.5236E+02 Trimer, n+m+x=0; with 1 H '^C
5 451.1 9.4252E+02 Matrix
6 465.1 4.7004E+02 ?
7 507.1 1.9970E+02 ?
8 522.6 1.6564E+02 Matrix
9 523.6 8.3474E+01 Matrix
10 550.6 3.0610E+02 Matrix
11 551.6 1.3284E+02 Matrix
12 566.3 1.4283E+02 7
13 567.3 5.7345E+02 x=3; with 1 H '^c
14 568.3 2.1078E+02 x=3; with 1 H '^c
15 589.3 1.3740E+02 x=3; with 1 Na '^c
16 593.3 2.3260E+01 Trimer, n+m+x= 1 ; with 1 H '^c
17 605.3 8.3260E+01 x=3; with 1 K
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18
19
20
11
22
23
24
continued
615.3
714.3
715.3
716.3
717.3
727.3
728.3
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
737.3
738.3
739.3
753.3
754.3
755.3
815.4
862.3
863.4
864.4
865.4
875.4
876.3
885.4
886.7
887.4
897.3
901.3
902.3
7.6682E+01
2.6161E+02
1.5994E+03
7.1345E+02
1.8130E+02
3.4315E+02
1.7342E+02
1.1715E+03
5.5378E+02
1.4828E+02
4.4436E+Q2
2.1351E+02
9.1148E+01
8.5950E+01
1.2878E+02
1.0277E+03
5.3983E+02
1.5383E+02
2.3569E+02
1.4225E+02
1.3696E+03
7.5630E+02
2.4802E+02
1.2640E+02
Trimer, n+m+x=1 • with i Na
?
x=4; with 1 H
x=4; with 1 H
x=4; with 1 H
9
x=4; with 1 Na
x-4; with 1 Na
x=4; with 1 Na
x=4; with 1 K
x=4; with 1 K
x=4; with 1 K
x-4; with 1 H; plus BuOH
5.1809E+02
2.8206E+02
?
x=5; with Hh
x-5; with 1 H
x=5; with 1 H
?
x=5; with 1 Na
x=5; with 1 Na
x=5; whh 1 Na
7
x=5; with 1 K
x=5; with 1 K
2^
nC
C
2^
17.
2^
TZ
c
2^
17
c
c
44 903.3 1.2870E+02 x=5; with 1 K 2^
45 975.3 1.0277E+02 9
46
47
48
991.3 9.0193E+01 9
1011.4 2.6166E+02
1012.4 1.6766E+02
x=6; with 1 H
x=6; with 1 H
71
c
c
49 1013.4 7.905 lE+01 x=6; with 1 H 2^
50 1033.4 4.7904E+02 x=6; with 1 Na
51 1034.4 3.3619E+02 x=6; with 1 Na TT
52 1035.4 1.2248E+02 x=6; with 1 Na 2^
53
54
1049.4 2.0215E+02 x=6; with 1 K
1050.4 1.2525E+02 x=6; with 1 K
TZ
TT
55 1101.1 5.9672E+01
56 1123.4 1.0340E+02
57 1124.4 9.8424E+01 9
58 1139.3 7.2725E+01 9
59 1140.3 6.8100E+01
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60 1159.5 5.9855E+01
61 1181.4 1.0643E+02
62 1182.5 9.3770E+01
63 1197.4 6.1357E+01
64 1271.4 5.9996E+01
x=7; with 1 H
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 K
9
77
13
c
c
c
0.8
§
2 0-6
tin
1-4
3
2
0.4
0.2
0
^•r—y 1
—
T-
J » 1—I i—1— 1 1 ...i
non-cyclic
cyclic
-*—'—'—I—I—I—I—I f I
10 15
Number of Repeats
Figure C.39 Mass distribution of hard segments in 6-foam (hydrolyzed for 5 days) as
determined by MALDI mass spectrometry. Sum of 200 shots. 4sref.
Table C.30 Intensity Table for 6-foam (hydrolyzed for 5 days), 5sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 411.0 3.8526E+02 7
2 418.2 1.3332E+02 ?
3 419.2 5.121 lE+02 x=2; with 1 H
4 420.2 1 .4962E+02 x=2; with 1 H
5 423.4 2.7118E+02 ?
6 445.2 3.5058E+02 Trimer, n+m+x=0; with 1 H
7 451.2 1.0758E+02 Matrix
8 465.2 5.6365E+02 ?
9 468.2 4.1056E+02 7
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10
n
U
13
14
continued
522.6
523.7
550.7
551.7
561.1
11
11
17
ii
19
20
21
22
23
566.3
567.3
568.3
579.3
589.3
593.3
605.3
615.3
3.6575E+02
1.2064E+Q2
6.3742E+02
2.4762E+02
2.5298E+02
1.1868E+02
5.7074E+02
2.0840E+02
1.0728E+02
1.8014E+02
2.2579E+02
7.3557E+01
9.3615E+01
Matrix
Matrix
Matrix
Matrix
7
x==3; with 1 H
x=3; with 1 H
9
x=3; with 1 Na
Trimer, n+m+x=-l; with 1 H
x^3; with 1 K
Trimer, n+m+x=l; with 1 Na
C
C
c
c
714.3 2.1237E+02
24 715.3 1.4936E+03 x=4; with 1 H C
25
26
716.4 7.0838E+02 x=4; with 1 H C
27
717.4 1.6507E+02 x=4; with 1 H
727.4 3.5463E+02
C
28 728.4 1.7540E+02 9
29 737.3 1.3481E+03 x-4; with 1 Na C
30 738.3 6.5483E+02 x=4; with 1 Na C
31 739.3 1.8343E+02 x=4; with 1 Na C
32 753.3 4.0019E+02 x=4; with 1 K
33 754.3 1.883 lE+02 x=4; with 1 K C
34 837.4 7.8604E+01 x-4; with 1 Na; plus BuOH C
35 862.4 1.1137E+02
36 863.4 9.658 lE+02 x=5; with 1 H C
37 864.4 5.1325E+02 x-5; with 1 H C
38 865.4 1.5520E+02 x=5; with 1 H C
39
40
41
875.4 2.8697E+02
876.4 1.5974E+02 9
885.4 1.5815E+03 x=5; with 1 Na C
42 886.4 8.8196E+02 x=5; with 1 Na C
43 887.4 2.8196E+02 x=5; with 1 Na C
44 897.4 1.2201E+02 9
45 901.3 4.3178E+02 x=5; with 1 K
46 902.4 2.4047E+02 x=5; with 1 K C
47 903.3 1.0986E+02 x=5; with 1 K C
48 975.4 1.0858E+02
49 976.3 8.4295E+01
50 1011.4 2.4576E+02 x=6; with 1 H
51 1012.4 1.5879E+02 x=6; with 1 H C
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52
I
1023.4
53 1033.4
54 \ 1034.4
55
56
57
58
59
60
6\
62
63
64
65
66
1035.4
1049.4
1050.4
1123.4
1124.4
1139.4
1181.5
1182.5
1271.6
1272.5
1329.6
1330.6
7.4674E+01
6.1087E+02
3.7492E+02
1.3080E+02
1.4603E+02
1.11 82E+02
1.3863E+02
9.491 lE+01
7.099 lE+01
1.0813E+02
9.2623E+01
5.0169E+01
5.4454E+01
4.4034E+01
4.5442E+01
x=6; with 1 Na
x=6; with 1 Na
x^6; with 1 Na
x=6; with 1 K
x=6; with 1 K
7
x=7; with 1 Na
x=^7; with 1 Na
9
x-8; with 1 Na
x=8; with 1 Na
2^
C
C
c
c
67
68
69
1477.6 4.4465E+01
1478.6 4.6343E+01
x=9; with 1 Na
x=9; with 1 Na
71
c
c
1625.6 4.1294E+01 x=10; with 1 Na 17C
Figure C.40 Mass distribution of hard segments in 6-foam (hydrolyzed for 5 days) as
determined by MALDI mass spectrometry. Sum of 200 shots. 5sref.
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Figure C.41 Mass distribution of non-cyclic hard segments in 6-foam (hydrolyzed for 5
days) as determined by MALDI mass spectrometry. Average of five distributions.
C.3.7. Foam-6 (hydrolyzed for 7 days)
Table C.3 1 Intensity Table for 6-foam (hydrolyzed for 7 days), Isref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.3 2.5668E+02 x=2; with 1 H
2 449.2 6.5367E+02 Matrix
3 450.2 9.1431E+02 Matrix
4 451.2 1.0598E+03 Matrix
5 465.2 9.0303E+02 ?
6 487.2 2.4286E+02 ?
7 507.1 2.6496E+02 ?
8 522.7 2.493 lE+02 Matrix
9 550.7 4.8170E+02 Matrix
10 551.7 2.1125E+02 Matrix
11 567.4 2.8097E+02 x=3; with 1 H
12 568.4 1.1186E+02 x=3; with 1 11
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n
14
15
16
17
11
19
20
21
22
23
24
25_
26
27
28
579.4
589.3
590.4
593.3
615.3
715.4
716.4
727.4
728.4
737.4
738.4
739.4
749.4
750.4
863.5
864.5
1.3815E+02
2.8698E+02
1.2697E+02
1.3817E+02
1.1642E+02
9.0433E+02
4.0874E+02
6.8556E+02
3.2876E+02
3.1950E+03
1.5178E+03
4.4141E+02
4.721 lE+02
2.3032E+02
4.9366E+02
2.6279E+02
x=3; with 1 Na
x=3; with 1 Na
Trimer, n+m+x=l; with 1 H
Trimer, n+m+x=l; with 1 Na
x=4; with 1 H
x=4; with 1 H
?
?
x=4; with 1 Na
x=-4; with 1 Na
x=4; wjth 1 Na
9
?"
x=5; with 1 H
x=5; with 1 H
C
C
C
C
C
C
nC
2"^C
C
c
29 875.5 5.0513E+02
30
31
876.5 2.8040E+02 9
877.5 1.1793E+02
32
33
34
885.5
886.5
887.5
2.9678E+03
1.6802E+03
5.4763E+02
x="5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
C
2'^
35
36
897.4 4.6800E+02 9
898.4 2.8858E+02
37 899.4 1.3271E+02
38 901.4 1.0558E+02 x=5; with 1 K
39 953.5 1.0863E+02
40 954.5 6.9278E+01
41 961.4 6.8803E+01 9
42 975.5 4.1625E+02
43 976.5 2.6186E+02 9
44 977.5 1.0070E+02 9
45 985.5 7.5875E+01 x=-5; with 1 Na; plus BuOH 17c
46 1011.5 9.2713E+01 x=6; with 1 H TIc
47 1012.6 7.5394E+01 x=6; with 1 H c
48 1023.6 8.4677E+01 9
49 1033.5 5.6915E+02 x=6; with 1 Na IT
50 1034.5 3.4811E+02 x=6; with 1 Na TT
51 1035.5 1.4921E+02 x=6; with 1 Na 2^
52 1045.5 8.9838E+01 x=6; with 1 K
53 1046.5 7.4770E+01 x=6; with 1 K TI
54 1101.6 6.7968E+01 9
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Figure C.42 Mass distribution of hard segments in 6-foam (hydrolyzed for 7 days) as
determined by MALDI mass spectrometry. Sum of 200 shots. Isref
Table C.32 Intensity Table for 6-foam (hydrolyzed for 7 days), 2sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.3 6.9486E+01 x=2; with 1 H
2 450.2 2.596 lE+02 Matrix
3 451.2 3.2025E+02 Matrix
4 487.2 3.2437E+02 ?
5 488.2 1.3038E+02 7
6 522.7 2.6768E+02 Matrix
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Table C.32
7
8^
9
10
n
12
12
14
15
16
11
18
continued
523.7
550.7
551.7
567.3
589.3
590.3
615.3
715.4
737.4
738.4
739.4
749.4
19
20
21
22
23
24
25
26
27
750.4
885.4
886.4
887.4
897.4
898.4
901.4
902.4
975.4
1.0134E+02
3.3015E+02
1.5676E+02
4.7408E+01
2.1320E+02
9.0495E+01
9.50Q5E+01
1.2864E+02
1.8838E+03
9.3205E+02
2.4936E+02
2.3722E+02
1.3163E+02
2.0668E+03
1.1960E+03
3.3396E+02
2.9183E+02
1.7888E+02
1.1031E+02
6.3296E+01
2.2009E+02
Matrix
Matrix
Matrix
x=3; with 1 H
x=3; with 1 Na
_x=3; with 1 Na
Trimer, n+m+x=l; with 1
x=4; with 1 H
x=4; with 1 Na
x=4; with 1 Na
x=4; whh 1 Na
9
x=5; with 1 Na
x=5; with 1 Na
2^=5; wkh 1 Na
?
?"
x=5; with 1 K
x=5; with 1 K
7
C
C
c
c
c
c
2"^
c
c
2"^
c
c
28
29
30
976.4
1033.5
1034.5
1.4330E+02
4.671 lE+02
3.0387E+02
x=6; with 1 Na
x=6; with 1 Na
C
C
31 1035.5 1.0523E+02 x=6; with 1 Na 2^
32
33
1045.5 6.3967E+01
1123.5 2.0865E+02
34 1124.5 1.4305E+02
35
36
1125.5 6.9085E+01
1181.5 5.4597E+01 x=7; with 1 Na
37 1271.5 4.9103E+01
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Figure C.43 Mass distribution of hard segments in 6-foam (hydrolyzed for 7 days) asdetermmed by MALDI mass spectrometry. Sum of 200 shots. 2sref.
Table C.33 Intensity Table for 6-foam (hydrolyzed for 7 days), 3sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 418.2 1.2546E+02 ?
2 419.2 3.4986E+02 x=2; with 1 H
3 445.2 2.6928E+02 Trimer, n+m+x=0; with 1 H
4 451.1 2.4235E+03 Matrix
5 468.2 1.3637E+03 ?
6 494.6 3.9678E+02 7
7 522.6 1.8697E+03 Matrix
8 550.7 3.1508E+03 Matrix
9 551.7 1 .2444E+03 Matrix
10 567.3 3.8556E+02 x=3; with 1 H '^c
11 568.3 1.3260E+02 x=3; with 1 H '^c
12 589.3 3.0600E+02 x=3; with 1 Na '^c
13 590.3 1.4484E+02 x=3; with 1 Na '^c
14 593.3 1.5198E+02 Trimer, n+m+x=l; with 1 H '^c
15 714.3 1.7646E+02 ?
16 715.3 1.2036E+03 x=4; with 1 H
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17
H
11
20
21
22
23
24
25
26
27
28
29
30
31
continued
716.4
727.4
737.3
738.3
739.3
749.3
753.3
760.9
769.4
770.4
788.9
863.4
864.4
875.4
876.4
32
33
34
35
36
37
38
39
40
41
42
885.4
886.4
887.4
888.4
879.3
917.4
975.4
1011.4
1033.4
1034.4
1035.4
4.9776E+02
3.2844E+02
3.7352E+03
1.7105E+03
3.9780E+02
1.3464E+02
1 4076E+02
2.3970E+02
2.6316E+02
1.2240E+02
1.4586E+02
6.3750E+02
3.3456E+02
2.6112E+02
1.4280E+02
3.4578E+03
1.9880E+03
5.5488E+02
1.3668E+02
1.6422E+02
2.1012E+02
1.3872E+02
1.2648E+02
6.5790E+02
4.273 8E+02
1.2036E+02
x=4;with 1 H
?
x=4; with VNa
x=4; with 1 Na
x=4; with 1 nI
?
x=4; with 1 K
?
"?
t"
?"
x=5; with 1 H
x=5; with 1 H
?
"9
x^5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
x=5 ; whh 1 Na
?
"?
x^6; with 1 H
x=6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
C
C
2^
C
C
c
2"^
3~^
C
c
c
2^
43 1123.4 1.3974E+02 9
44 1124.4 1.0914E+02
45 1181.5 5.9160E+01 x=7; with 1 Na C
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Figure C.44 Mass distribution of hard segments in 6-foam (hydrolyzed for 7
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref
Table C.34 Intensity Table for 6-foam (hydrolyzed for 7 days), 4sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 2.7234E+02 x=2; with 1 H
2 445.2 2.0298E+02 Trimer, n+m+x=0; with 1 H '^c
3 451.2 1.4321E+03 Matrix
4 465.2 8.3946E+02 ?
5 468.2 8.0376E+02 7
6 522.6 4.0086E+02 Matrix
7 550.7 6.7728E+02 Matrix
8 551.7 2.9376E+02 Matrix
9 566.3 9.7920E+01 ?
10 567.3 3.6516E+02 x=3; with 1 H ''c
11 568.3 1.2852E+02 x=3; with 1 H '^c
12 579.3 1.0506E+02 ?•
13 589.3 4.6920E+02 x=3; with 1 Na "c
14 590.3 1.8258E+02 x=3; with 1 Na
15 593.3 1.5402E+02 Trimer, n+m+x=l; with 1 H
16 615.3 1.4280E+02 Trimer, n-i-m+x=l; with 1 Na
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17 714 3 1 81 ^fx^A-cn1 .o 1 joj:!.^uz 7
18 71 S 4 1 9Q7AP4-n'i
x=4; with 1 H
19 716 4/ 1 V^ ,T J. J 1 oZxjT^UZ x=4; with 1 H
20 717 41 L 1 .T 1 .Z*+HtIZ/ rUZ x=4; with 1 H n
21 727 4 J .O
J
WtIH/ I uz 7
22 728 4/ X*O .T 9 078AF-I-07Z.^ / OHEI/ 1 UZ 7
23 737 3 T.J 1 J JEjt-UJ x-4; with 1 Na nr:
24 738 3 9 94S0P-i-0^ X-4; with 1 Na
25 739 3 S SOSOF-l-07J
.
JVJOUJD 1 UZ X-4; with 1 Na
26 749 3 S 97'ldF-^07J.Z / JTJDn^UZ o/
27 7S0 1 9 9 1 '^d.F-i-O?Z.Z i jH-IJ/ i^WZ oI
28 7S3 3 Z.ZDH-HlZ/ 1 UZ X-4; with 1 K
29 7S4 3 1 0^^09^-1-00 X-4; with 1 K c
30 837 4O J / .*T 1 .Jo / ZJZ/^UZ x-4, with 1 Na; plus BuOH c
31 869 4 8 0S80F-I-01
32 863 4 x-j; with 1 H c
33 864 4 78zl9F4-07J . / oHZjJ/T^WZ x-j; with 1 H c
34 86^^ 4 1 0S06P4-09 X—d; with 1 H 2 C
35 87S 4O 1 U .T J.H-J / oij 1 UZ o
36 876 4 9 0908F-I-07Z.WZyoj-/ 1 WZ o/
37 88S 4 1 0Q07F4-0^ x-j; with 1 Na c
38 886 4 9 90A0F4-01 X—J, witn 1 fsla c
39 887 4 7 101 0F4-09 X—J, witn 1 JNa z C
40TV/ 8Q7 4 A 87S6F-I-09T.O / JOIH/ 1 wz 9
41 8Q8 4 9 097AP-1-07 9
49 9 A'^78F-i-07Z.H-J / oJH/ ' UZ X—J, Witn 1 R 'V
4'^ 1 77S0F4-091 .Z / jWxI/^UZ X—J, Witn 1 R Up
44TT 07^ 4 0S76F-I-09J.yj / 01-/ 1 WZ 9
4S 076 A Z.ZZjOrl/T^UZ 9
4^ Oil Ay 1 1 0 AQOOT^-l-01 9
47 1 (W\ A 7 AAOOt^-4-07/ .OOUZrl/^UZ X—0, wim 1 IN a
TO A OQAOT^-4-074.Zo4Wrl/i^uZ X—0, wiin 1 iNa
49T J 103S 41 \JJ .J .T 1 4076F+09 Y=6* with 1 T\IpiA U, Willi 1 l>ICl 2'^C
50 1123.4 3.6516E+02 ?
51 1124.4 2.4174E+02 7
52 1125.5 1.0608E+02 7
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Figure C.45 Mass distribution of hard segments in 6-foam (hydrolyzed for 7 days) asdetermmed by MALDI mass spectrometry. Sum of 200 shots. 4sref
Table C.35 Intensity Table for 6-foam (hydrolyzed for 7 days), 5sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.3 6.1053E+01 x=2; with 1 H
2 445.3 6.3803E+01 Trimer, n+m+x=0; with 1 H '^c
3 487.1 1.0235E+02 ?
4 522.6 6.6199E+01 Matrix
5 550.7 1.0748E+02 Matrix
6 567.3 4.0393E+01 x=3; with 1 H '^c
7 589.3 1.4977E+02 x=3; with 1 Na
8 590.3 6.2035E+01 x=3; with 1 Na '^c
9 601.3 4.6756E+01 7
•
10 615.3 9.8903E+01 Trimer, n+m+x=l; with 1 Na '^c
11 715.4 7.5977E+01 x=4; with 1 H '^c
12 737.4 1.6880E+03 x=4; with 1 Na '^c
13 738.4 7.8560E+02 x=4; with 1 Na
14 739.4 2.0214E+02 x=4; with 1 Na 2'^C
15 749.4 2.8803E+02 7
16 750.4 1.3823E+02 ?
continued next page
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Table_C
11
18
19
20
21
35 continued
885.4
886.4
888.5
897.5
898.5
22
23
24
25
26
27
28
29
30
899.4
975.4
976.4
977.4
985.5
997.4
1033.5
1034.5
1035.5
2.0368E+03
1.1330E+03
8.0808E+01
3.5838E+02
2.0623E+02
8.3414E+01
1.7700E+02
1.2056E+02
5.7840E+01
5.6154E+01
4.9677E+01
4.4956E+02
2.9378E+02
1.0736E+02
x=5; with 1 Na
x=5; with 1 Na
x=5; wjth 1 Na
?
x==6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
C
C
c
c
2"^
31 1045.5
1123.5
8.5428E+01 7
32
33
1.8757E+02 7
34
35
1124.5 1.3925E+02
1125.5 6.6066E+01
36
1181.6 4.8703E+01
1271.7 5.3734E+01
x=7; with 1 Na
7
Figure C.46 Mass distribution of hard segments in 6-foam (hydrolyzed for 7 days) as
determined by MALDI mass spectrometry. Sum of 200 shots. 5sref.
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Figure C.47 Mass distribution of non-cyclic hard segments in 6-foam (hydrolyzed for 7
days) as determined by MALDI mass spectrometry. Average of five distributions.
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Figure C.48 Mass distribution of cyclic hard segments in 6-foam (hydrolyzed for 7 days)
as determined by MALDI mass spectrometry. Average of five distributions.
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C.3.8. 4-50
Table C.36
Peak
Number
4
5
6
Intensity Table for
Peak Mass
(Daltons)
445.2
450.1
451.1
550.6
589.2
590.2
7
8
9
10
615.2
737.2
738.2
739.2
4-50, Isref.
Intensity
(arbitrary
units)
1.8764E+01
2.0062E+01
2.1723E+01
2.0692E+01
7.4483E+01
2.8481E+01
1.7605E+01
2.1883E+02
8.5562E+01
2.0961E+01
Assignment
Trimer, n+m+x-O; with 1 Na
Matrix
Matrix
Matrix
x=3; with 1 Na
x=3; with 1 Na
Trimer, n+m+x=l: with 1 Na
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
Isotope
Tl
c
C
C
c
c
c
11 763.2 1.8042E+01 Trimer, n+m+x=2: with 1 Na
12
13
837.2 2.1843E+01
885.2 2.9992E+02
x=4; with 1 Na; plus BuOH
x=5; with 1 Na C
14 886.2 1.4097E+02 x=5; with 1 Na C
15 887.2 3.1291E+01 x=5; with 1 Na TT
16 985.2 2.4438E+01 x=5; with 1 Na; plus BuOH C
17 986.2 1.8046E+01 x=5; with 1 Na; plus BuOH C
18
19
1033.2 2.268 lE+02 x=6; with 1 Na
1034.2 1.3440E+02 x=6; with 1 Na
C
20 1035.2 3.6780E+01 x=6; with 1 Na 17C
21 1133.2 1.8155E+01 x=6; with 1 Na; plus BuOH C
22 1181.2 1 .0242E+02 x=7; with 1 Na C
23 1182.2 7.1767E+01 x=7; with 1 Na C
24 1183.2 3.0756E+01 x=7; with 1 Na TT
25 1329.2 2.7882E+01 x=8; with 1 Na C
26 1330.2 2.7844E+01 x=8; with 1 Na C
27 1477.3 2.0013E+01 x=9; with 1 Na C
28 1478.3 2.1063E+01 x=9; with 1 Na
29 1626.2 1.9493E+01 x=10; with 1 Na
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Figure C.49 Mass distribution of hard segments in 4-50 (hydrolyzed for 1 day) asdetermmed by MALDI mass spectrometry. Sum of 200 shots. Isref
Table C.37 Intensity Table for 4-50, 2sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 589.2 4.8087E+01 x=3
,
with 1 Na '^C
2 737.2 1.4317E+02 x=4. with 1 Na
3 738.2 5.6799E+01 x=4: with 1 Na '^C
4 885.2 2.0938E+02 x=5; with 1 Na
5 886.2 1.1451E+02 x=5; with 1 Na
6 887.2 2.3757E+01 x=5; with 1 Na 2'^C
7 901.2 1.9093E-f01 x-5 ; with 1 K
8 1033.2 1.7132E+02 x=6; with 1 Na
9 1034.2 9.3531E+01 x=6; with 1 Na
10 1035.2 2.5501E+01 x=6; with 1 Na 2'^C
11 1133.3 1.4760E+01 x=6; with 1 Na; plus BuOH
12 1181.3 7.1859E+01 x=7; with 1 Na '^C
13 1182.3 4.2269E+01 x=7; with 1 Na '^c
14 1329.2 1.7680E+01 x=8; with 1 Na
15 1330.3 1.6484E+01 x=8; with 1 Na
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Figure C.50 Mass distribution of hard segments in 4-50 (hydrolyzcd for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 2sref.
Table C.38 Intensity Table for 4-50, 3sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 589.2 1 .0446E+02 x=3; with 1 Na
2 590.2 2.7756E+01 x=3; with 1 Na
3 737.3 3.0135E+02 x=4; with 1 Na
4 738.3 1 .2602Ii+02 x=4; with 1 Na
5 837.3 2.5132E+01 x=4; with 1 Na; plus BuOIl
6 885.3 4.1508E+02 x=5; with 1 Na
7 886.3 2.1396E+02 x==5; with 1 Na
8 887.3 3.965 lE+01 x=5; with 1 Na 2'^C
9 897.2 3.3096E+01 7
10 975.2 3.2006E+01 ?
11 985.3 2.7932E+01 x-5; with 1 Na; plus BuOII
12 1033.3 2.6910IH02 x=6; with 1 Na ^c
13 1034.3 1.5740i';i02 x=6; with 1 Na
14 1035.3 3.992 1E4 01 x=6; with 1 Na 2 "C
15 1045.3 2.9740E+01 ?
16 1123.2 3.2246E+01 ?
continued next page
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Table C.38 continued
17
18
19
20
21
1124.3
1181.3
1182.3
1183.3
1271.3
1.8512E+01
1.1498E+02
6.6850E+01
2.7949E+01
2.3739E+01
7
A-/, witn 1 Na
A /, wiin 1 iNa
x=7; with 1 Na
vtt:
TTT^
2'^C
22 1329.3 2.4383E+01 with 1 Na
23 1330.3 2.0987E+01
1
x=8; with 1 Na
1
0.8
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Figure C.5 1 Mass distribution of hard segments in 4-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref.
Table C.39 Intensity Table for 4-50, 4sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 342.2
2 419.2 4.7371E+01 x=2; with 1 H
3 450.1 3.3036E+01 Matrix
4 451.1 4.3180E+01 Matrix
5 459.1 5.9865E+01 Matrix?
6 460.1 3.7737E+01 Matrix?
7 522.6 2.9544E+01 Matrix
continued next page
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Table C.39
8^
9
10
n
12
continued
550.6
567.3
589.3
590.3
615.2
3.5317E+01
5.7881E+01
3.6179E+02
7.777 lE+01
4.3771E+01
Matrix
x=3; with 1 H
x=3; with 1 Na
x=3; with 1 Na
Trimer, n+m+x=l; with 1 Na
C
C
c
13 689.3 3.4944E+01 x-3; with 1 Na; plus BuOH
11
15
715.3
716.3
9.6312E+01 x=4; with 1 H
16
17
727.3
737.3
3.2713E+01 x=4; with 1 H
4.1211E+01
1.1801E+03 x=4; with 1 Na
TT
C
18 738.3 4.6135E+02 x=4; with 1 Na T3c
19
20
739.3
749.3
6.9695E+01 x=4; with 1 Na
5.7232E+01
2^
21 763.3 5.2257E+01 Trimer, n+m+x^2; with 1 Na TIc
22 837.3 7.7642E+01 x=4; with 1 Na; plus BuOH C
23 838.3 3.7222E+01 x=4; with 1 Na; plus BuOH TT
24 863.3 1.1813E+02 x=5; with 1 H TJC
25 864.3 5.8306E+01 x=5; with 1 H TI
26 875.3 3.5467E+01
27 885.3 1.8481E+03 x=5; with 1 Na TI
28 886.3 9.5472E+02 x=5; with 1 Na c
29 887.3 2.0815E+02 x=5; with 1 Na 2^
30 897.3 9.0721E+01
31 898.3 3.948 lE+01 7
32
33
901.3
911.3
4.6189E+01 x=5; with 1 K
4.2584E+01 Trimer, n+m+x=3; with 1 Na
TI
TI
34 975.3 4.2379E+01 9
35 985.3 9.2127E+01 x=5; with 1 Na; plus BuOH C
36 986.3 4.6562E+01 x=5; with 1 Na; plus BuOH Tlc
37 1011.4 9.7864E+01 x=6; with 1 H TIc
38 1012.3 5.3726E+01 x=6; with 1 H 13c
TI39 1033.3 1.5092E+03 x=6; with 1 Na C
40 1034.3 9.2499E+02 x=6; with 1 Na C
2^41 1035.3 2.3038E+02 x=6; with 1 Na
42 1036.3 3.4794E+01 x=6; with 1 Na
43
44
1045.3 5.9224E+01
1046.3 3.1683E+01
45 1049.3 3.1906E+01 x=6; with 1 K
TI
46 1123.3 7.1489E+01 7
47 1124.3 4.4925E+01
48 1133.4 4.8640E+01 x=6; with 1 Na; plus BuOH
TI
TI
49 1159.4 7.2203E+01 x=7; with 1 H
continued next page
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Table C.39 continued
^0jyj
^ 1D 1
1 1 AA A
I loU.4
1 1 O 1 /I
1 I 51.4
1 1 82.4
3.8835E+01
7.1536E+02
5.0015E+02
x=7; with 1 H
'^c
-
x=7; with 1 Na
x=7; with 1 Na
J J 1 1 O A1 183.4 1.3926E+02 x=7; with 1 Na 2'^C
JH t A O A A1 184.4 3.0331E+01 x=7; with 1 Na 3'^CccJ J 1271.3 3.9342E+01 7
DO lz/2,3 3.1 106E+01 ?
J / 1 JZ9.4 1.9220E+02 x=8; with 1 Na '^C
JO 1330.4 1.5406E+02 x=8; with 1 Na
jy 1 T 1 A1331.4 4.4094E+01 x=8; with 1 Na 2'^C
"
oU 1419.4 1.9130E+01 ?
A
1
01 1 A A147 /A 9.3884E+01 x=9; with 1 Na '^C
OZ 1478.4 7.1193E+01 x=9; with 1 Na '^C
1479.5 3.007 lE+01 x=9; with 1 Na 2'^C
A/1 1625.4 6.3098E+01 x=10; with 1 Na '^C
cOJ 1626.5 6.6514E+01 x=10; with 1 Na '^C
00 1627.5 3.3057E+01 x=10; with 1 Na 2''C
u / 1 111 ^1 / / J.J j.Vo lUh+Ul 1 1 . _ * a\ 1 XTx-1 1; with 1 Na c
68 1774.5 4.5080E+01 x=l 1; with 1 Na '^c
69 1921.5 2.3638E+01 x=12; with 1 Na '^c
70 1922.5 2.6155E+01 x= 12; with 1 Na
T—'—I—I 1—~) r—I—I
—
1
—
I 1
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1
—
1
—
I r~i—I—I
—
[
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I
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I 1
—
I
—
I
—
I
—
r
• non-cyclic
Number of Repeats
Figure C.52 Mass distribution of hard segments in 4-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 4sref.
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Table C.40
Peak
Number
Intensity Table for 4-50, 5sref.
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
589.2 2.6593E+02 x=3; with 1 Na 17C
2
4
590.2
605.2
7.8513E+01
3.7163E+01
x=3; with 1 Na
x=3; with 1 K
C
C
7
615.2
689.3
737.2
738.2
3.7832E+01 Trimer, n+m+x=l; with 1 Na
2.4348E+01
9.5629E+02
x-3; with 1 Na; plus BuQH
x=4; with 1 Na
3.6458E+02 x=4; with 1 Na
C
TI
TT
8 739.2
749.2
6.2378E+01 x=4; with 1 Na
5.5878E+01
2^
10 753.2 1.3853E+02 x=4; with 1 K TT
11 754.2 4.8767E+01 x=4; with 1 K TT
12 763.2 4.0809E+01 Trimer, n+m+x=2; with 1 Na TlC
13 837.3 7.3289E+01 x-4; with 1 Na; plus BuOH
14
15
838.3
885.3
3.4512E+01 x-4; with 1 Na; plus BuOH
1.4258E+03 x=5; with 1 Na
TT
TZ
16 886.3 7.2395E+02 x=5; with 1 Na 13C
17 887.3 1.5687E+02 x=5; with 1 Na 2^
18 888.3 2.482 lE+01 x=5; with 1 Na
19 897.3 8.1206E+01
20 898.3 3.7496E+01
21 901.2 2.1554E+02 x=5; with 1 K TI
22 902.2 8.7564E+01 x=5; with 1 K TT
23 903.2 2.8904E+01 x=5; with 1 K 2^
24 911.2 4.0250E+01 Trimer, n+m+x=3; with 1 Na TI
25 913.3 2.7372E+01
26 975.2 4.265 lE+01 7
27 976.2 2.9623E+01
28 985.3 7.6185E+01 x=5; with 1 Na; plus BuOH C
IT29 986.3 4.1751E+01 x-5; with 1 Na; plus BuOH
30 1033.3 1.0234E+03 x=6; with 1 Na TI
31 1034.3 6.4362E+02 x=6; with 1 Na
TT
2^32
33
1035.3 1.5678E+02 x=6; with 1 Na
1045.3 5.9983E+01
34 1046.3 3.8221E+01
35 1049.2 1.3833E+02 x=6; with 1 K
36
37
1050.3 7.9077E+01 x=6; with 1 K
1123.2 5.6588E+01
C
continued next page
302
Table C.40 continued
38
I
1124.2
39 1133.3
40 1134.3
41 1181.3
42 1182.3
43 1183.3
44 \ 1197.3
3.9438E+01
3.8628E+01
2.6852E+01
4.3907E+02
2.1989E+02
8.5636E+01
5.5023E+01
x=6; with 1 Na; plus BuQH
x=6; with 1 Na; plu.s BuOH
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 Na
x=7; with 1 K
C
C
c
c
c
TI45
46
1198.3
1271.3
4.0903E+01
3.5410E+01
9.792 lE+01
8.9264E+01
2.9499E+01
1.9062E+Q1
3.8469E+01
4.2412E+01
2.1042E+01
x=7; with 1 K
?
x-8; with 1 N^
x-8; with 1 Na
x=8; with 1 Na
x-9; with 1 Na
x=9; with 1 Na
x=10; with 1 Na
x=l 1; with 1 Na
o
u
03
i-i
u
B
Z
0.8
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Figure C.53 Mass distribution of hard segments in 4-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 5sref.
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Figure C.54 Mass distribution of non-cyclic liard segments in 4-50 (hydrolyzed for 1
day) as determined by MALDI mass spectrometiy. Average of five distributions.
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Figure C.55 Mass distribution of cyclic hard segments in 4-50 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Average of five distributions.
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C.3.9. 4-150
Table C.41
Peak
Number
1
Intensity Table for 4-150, Isref.
Peak Mass
(Daltons)
589.1
615.1
737.2
738.2
749.1
750.1
763.1
Intensity
(arbitrary
units)
6.8799E+01
5.6365E+01
2.2206E+02
1.1174E+02
8.4488E+01
5.0575E+01
5.3434E+01
Assignment
x=3; with 1 Na
Trimer, n+m+x=l; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
7
7
Trimer, n+m+x=2; with 1 Na
Isotope
C
C
nC
C
T2
c
764.1 4.3032E+01 Trimer, n+m+x=2; with 1 Na C
837.2 7.0585E+01 x-4; with 1 Na; plus BuOH
10 885.2 3.5080E+02 x=5; with 1 Na TT
11 886.2 1.8966E+02 x=5; with 1 Na TIC
12
13
887.2 6.5874E+01 x=5; with 1 Na
897.2 1.5217E+02 9
14
c
14 898.1 8.7691E+01 7
15 911.1 5.0375E+01 Trimer, n+m+x=3; with 1 Na 17C
16 985.2 8.1469E+01 x=5; with 1 Na; plus BuOH TT,
17 986.2 6.4144E+01 x=5; with 1 Na; plus BuOH TT
18 997.2 4.272 lE+01
19 1033.2 2.8937E+02 x=6; with 1 Na 17c
20 1034.2 1.9490E+02 x=6; with 1 Na C
21 1035.2 7.2381E+01 x=6; with 1 Na
22 1045.2 1.2506E+02 7
23 1046.2 8.0476E+01
24 1133.2 5.7814E+01 x=6; with 1 Na; plus BuOH TI
25 1181.2 1.5692E+02 x=7; with 1 Na 17C
26
27
1182.2 1.1024E+02 x=7; with 1 Na
1193.2 7.6946E+01
C
28 1329.2 5.8360E+01 x=8; with 1 Na TI
29 1330.2 5.9733E+01 x=8; with 1 Na TT
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aetermined by MALDI mass spectrometry. Sum of 200 shots. Isref.
as
Table C.42 Intensity Table for 4-150, 2sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
Assignment Isotope
1 589.2
units)
6.5089E+01 x=3; with 1 Na ^^C
2
3
615.1
737.2
5.6062E+01
2.2062E+02
Trimer, n+m+x=l; with 1 Na
x=4; with 1 Na
4 738.2 9.9267E+01 x=4; with 1 Na ^^c
5 749.2 8.7194E+01 ?
6 763.2 6.0440E+01 Trimer, n+m+x=2; with 1 Na
7 837.2 6.0692E+01 x=4; with 1 Na; plus BuOH
8 838.2 4.6240E+01 x=4; with 1 Na; plus Bu6h~ 1
9 885.2 3.6632E+02 x=5; with 1 Na
10 886.2 1.9773E+02 x=5; with 1 Na
11 897.2 I.3867E+02 ?
12 898.2 8.8957E+01 ?
13 911.1 5.6460E+01 Trimer, n+m+x=3; with 1 Na
14 985.2 8.3770E+0I x=5; with 1 Na; plus BuOH
15 1033.2 3.1408E+02 x=6; with 1 Na
16 1034.2 2.1049E+02 x=6; with 1 Na
continued next page
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Figure C.57 Mass distribution of hard segments in 4-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 2sref.
Table C.43 Intensity Table for 4-150, 3sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 589.2 1.4980E+02 x=3; with 1 Na
2 590.2 6.2890E+01 x=3; with 1 Na
3 601.2 6.3386E+01 ?
4 615.2 7.7986E+01 Trimer, n+m+x=l; with 1 Na
continued next page
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Table C.43 continued
5
6
7
8
9
10
11
12
13
14
15
689.2
737.2
738.2
739.2
749.2
750.2
763.2
837.2
838.2
885.2
886.2
5.4229E+01
6.1158E+02
2.4597E+02
7.2663E+01
1.9462E+02
9.7600E+01
8.3822E+01
1.4579E+02
6.9820E+01
8.5169E+02
4.6869E+02
x=3; with 1 Na; plus BuOH
x-4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
7
7
I iuuci, n-rmi-x-2, With 1 Na
x=4; with 1 Na; plus BuOH
X—4* with 1 Nil- r\liio Dii/^TI^ T, uu 1 j\ja, plus L5UUH
A J, wuii 1 IN a
A WlUl 1 iNd
c
c
c16
17
887.2
897.2
1.1743E+02
2.8924E+02
A J, wiin 1 iNa
7
2 C
18 898.2 1.5805E+02 7
19 899.2 5.4976E+01 7
20 909.2 6.685 lE+01 7
21 911.2 7.3563E+01 Trimer n+m-l-y='^' w/ith i Ma* L miv^i
^
11 1 111 1 A J, Willi 1 INa L
22 985.2 1.5740E+02 X=5" with 1 Nji' nine RnOI-IA ^5 ui 1 INd, plus DUvJli L
23 986.2 1 .0497E+02 X=5' with 1 Nn* nhic RnHTJ
24 1033.2 6.0132E+02 \=f\* with 1 KTqA Willi 1 INd
25 1034.2 3.7026E+02 x=6* with 1 N:^
26 1035.2 1.1178E+02 x==6* with 1 Nji
-A \J
^
W lli i INd
27 1045.2 2.0550E+02 7
28 1046.2 1.3719E+02 7
29 1047.2 6.0656E+01 7
30 1059.2 6.0792E+01 7
31 1123.2 5.8187E+01 7
32 1133.2 9.9862E+01 x=6: with 1 Na* nlus BuOH
33 1134.2 7.0927E+01 x=6: with 1 Na* dIus BuOH
34 1181.2 2.2296E+02 x=7* with 1 Na
35 1182.2 1.7429E+02 x=7* with 1 Na1
^
W lli li CI
36 1183.2 6.4990E+01 x=7* with 1 Na ^ >
—
37 1193.2 9.4846E+01 7
38 1194.2 7.21I3E+01 7
39 1271.2 4.4986E+01 7
40 1281.3 4.7209E+01 x=7; with 1 Na; plus BuOH
41 1329.2 7.0988E+01 x=8; with 1 Na
42 1330.2 6.7065E+01 x=8; with 1 Na
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Figure C.58 Mass distribution of hard segments in 4-150 (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. 3sref.
Table C.44 Intensity Table for 4-150, 4sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 342.2 0
2 368.4 6.3313E+01 7
3 449.0 1.7097E+02 Matrix
4 450.1 2.6869E+02 Matrix
5 451.1 3.4477E+02 Matrix
6 459.0 3.7407E+02 Matrix
7 460.0 3.4495E+02 Matrix
8 461.0 1.0999E+02 Matrix
9 465.1 1 .4908E+02 Matrix
10 487.0 1.1386E+02 Matrix
11 522.5 6.7758E+01 Matrix
12 550.5 8.1919E+01 Matrix
13 589.2 2.4992E+02 x=3; with 1 Na
14 590.2 8.9872E+01 x=3; with 1 Na
15 601.1 1.1020E+02 7
16 602.2 5.7722E+01 7
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17
continued
613.1
18
ii
20
22
23
24
25
26
27
28
29
30
31
615.1
616.1
675.0
689.2
715.2
727.2
737.2
738.2
739.2
749.2
750.2
751.2
761.1
762.1
6.1852E+01
1.2312E+02
5.48Q0E+01
5.2643E+01
9.6847E+01
5.9089E+01
5.9229E+01
8.764 lE+02
3.673 lE+02
9.3048E+01
4.7580E+02
2.1308E+02
6.3202E+01
2.1825E+Q2
1.0377E+02
Trimer, n+m+x=l; with 1 Na
Trimer, n+m+x=l; with 1 Na
?
x=3; with 1 Na:_glus_RnOR
x=4; with 1 H
7
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
V
c
c
£.
c
C
2^
32 763.1 1.7901E+02 Trimer, n+m+x=2: with 1 Na C
33
34
764.4 8.4645E+01 Trimer, n+m+x=-2: with 1 Na C
35
36
37
38
837.2 2.3203E+02
838.2
839.2
849.1
850.2
1.1318E+02
5.5246E+01
1.0180E+02
6.2822E+01
5.1827E+01
5.1942E+01
1.1061E+03
6.1159E+02
1.7433E+02
6.6788E+02
3.4324E+02
1.0393E+02
3.1772E+02
1.9132E+02
1.4796E+02
7.6892E+01
1.0821E+02
7.2923E+01
2.5521E+02
1.4765E+02
8.8786E+01
1.2953E+02
7.5180E+01
8.055 lE+02
x=4; with 1 Na; plus BuOH
x=4; with 1 Na
x=4; with 1 Na
?
7
)lus BuOH
ilus BuOH
x=5; with 1 H
x=5; with 1 Na
x=5; with 1 Na
x==5; with 1 Na
Trimer, n+m+x=3; with 1 Na
Trimer, n+m+x=3; with 1 Na
x=5; with 1 Na; plus BuOH
x-5; with 1 Na; plus BuOH
x-5; with 1 Na; plus BuOH
x=6; with 1 Na
C
c
2'^
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Figure C.59 Mass distribution of hard segments in 4-150 (hydrolyzed for 1 day)
determmed by MALDI mass spectrometry. Sum of 200 shots. 4sref.
as
Table C.45 Intensity Table for 4-150, 5sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 6.7065E+01 x=2; with 1 H
2 445.1 7.6145E+01 Trimer, n+m+x=0; with INa
3 452.1 1.1078E+02 ?
4 522.5 1.1291E+02 Matrix
5 550.5 1.2101E+02 Matrix
6 589.1 1.1498E+02 x=3; with 1 Na
7 615.1 9.7867E+01 Trimer, n+m+x=l; with INa
8 628.5 9.9545E+01 ?
9 689.1 4.6574E+01 x-3; with 1 Na; plus BuOH '^c
10 727.2 5.1267E+01 ?
11 737.1 3.9422E+02 x=4; with 1 Na
12 738.1 1.6069E+02 x=4; with 1 Na '^c
13 749.1 1.7106E+02 ?
14 750.1 8.3983E+01 7
15 763.1 9.9696E+01 Trimer, n+m+x=2; with INa '^c
16 837.1 1.001 lE+02 x=4; with 1 Na; plus BuOH
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838.1
875.1
885.1
886.1
21
22
23
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31
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37
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909.1
911.1
985.1
986.1
1023.1
1033.1
1034.1
1035.1
1134.1
1181.1
1182.1
1183.2
5.3757E+01
7.6138E+01
6.0130E+02
3.1147E+02
9.9119E+01
2.491 lE+02
1.4395E+02
5.4842E+01
7.1910E+01
1.0674E+02
7.7470E+01
4.8591E+01
4.5833E+02
2.8534E+02
9.9840E+01
1.9326E+02
1.2540E+02
5.6003E+01
7.946 lE+01
x=4; with 1 Na: p ins; BuOH
?
x=5; with 1 Na
x=5; with 1 Na
x=5; wjth 1 Na
7
"?
"?
Trimer, n+m+x=3: with ImT
x-5; with 1 Na; plus BuOH
x=5; with 1 Na;
7
lus BuOH
x^6; with
x=6; with
x=6; with
1 Na
1 Na
1 Na
5.3728E+01
1.9142E+02
1 .4044E+02
6.3587E+01
8.0093E+01
6.3979E+01
6.1331E+01
6.3268E+01
3.6913E+01
x=6; with 1 Na; plus BuOH
x=6; with 1 Na;
x=7; with
x=7; with
lus BuOH
1 Na
1 Na
x=7; with 1 Na
x=9; with 1 Na
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Figure C.60 Mass distribution of hard segments in 4-150 (hydrolyzed for 1 day)
determmed by MALDI mass spectrometry. Sum of 200 shots. 5sref.
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Figure C.61 Mass distribution of non-cyclic hard segments in 4-150 (hydrolyzed for 1
day) as determined by MALDI mass spectrometry. Average of five distributions.
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Figure C.62 Mass distribution of cyclic hard segments in 4-150 (hydrolyzed for 1 dav^ asdetennmed by MALDI mass spectrometry. Average of five distribulns
C.3.10. Foam-4
Table C.46 Intensity Table for 4-foam, Isref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 379.1 8.765 lE+02 7
2 418.4 7.3923E+01 9
3 419.4 1.2151E+03 x=2; with 1 H
4 420.4 4.0074E+02 x=2; with 1 H "c
5 421.3 8.0556E+01 x=2; with 1 H 2"C
6 441.0 1.5532E+02 ?
7 451.1 5.5827E+02 Matrix
8 452.1 2.1925E+02 Matrix
9 493.0 2.9168E+02 ?
10 550.6 1.1129E+02 Matrix
11 551.6 5.4704E+01 Matrix
12 567.2 2.3377E+02 x=3; with 1 H
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568.2
14
15
16
11
11
11
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
579.2
589.2
605.2
618.6
619.6
714.2
715.2
716.2
7.1293E+01
5.7900E+01
1.2229E+02
3.9507E+01
8.3295E+01
4.5151E+01
4.7056E+01
4.4157E+02
1.4410E+02
727.2
728.3
737.2
738.2
739.2
753.2
754.2
863.2
864.2
875.2
876.2
885.2
886.2
887.2
901.2
902.2
975.2
985.2
1011.2
1012.2
1023.3
1.8342E+02
7.6555E+01
6.0182E+02
2.4017E+02
6.8216E+01
1.3168E+02
x=3; with 1 H
7
x-3; with 1 Na
x^3; with 1 K
9
9
x=4; with 1 H
x=4; with 1 H
x=4; with 1 Na
x=4
x=4
5.4683E+01
3.3825E+02
1.6156E+02
1.3541E+02
7.8026E+01
8.9056E+02
4.481 lE+02
1.0868E+02
1.7856E+02
98.4442E+01
4.9581E+01
5.6055E+01
1.4995E+02
9.3296E+01
5.8713E+01
X
x=5
x=5
with 1 Na
with 1 Na
with 1 K
with 1 K
with 1 H
with 1 H
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 K
x=5; with 1 K
7
x=5; with 1 Na; plus BuOH
x=6; with 1 H
x=6; with 1 H
9
TZ
c
c
c
nC
2^
C
TT
2^
C
C
C
43
44
1033.2 6.0996E+02 x=6; with 1 Na
1034.2 3.4534E+02 x=6; with 1 Na
TI
nC
45
46
1035.2 1.2949E+02 x=6; with 1 Na
1049.2 1.2862E+02 x=6; with 1 K
2^
47 1050.2 7.7525E+01 x=6; with 1 K C
48
49
1123.2 6.0444E+01
1124.2 5.0979E+01
50 1133.3 3.9423E+01 x-6; with 1 Na; plus BuOH C
51 1159.2 4.0664E+01 x=7; with 1 H TT
52 1160.3 3.8337E+01 x=7; with 1 H TT
53 1181.3 1.9662E+02 x=7; with 1 Na TI
54 1182.3 1.4350E+02 x=7; with 1 Na TI
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59
63
1329.3
1477.3
1478.3
1625.3
1626.3
1774.3
6.0644E+01
4.4564E+01
3.7093E+Q1
6.5684E+01
4.1677E+01
3.4359E+01
3.7322E+01
3.4918E+01
2.9238E+01
x=7; with 1 Na
x=7; with 1 K
7
x=8; with 1 Na
x=9; with 1 Na
x=9; with 1 Na
x=10; with 1 Na
x=10; with 1 Na
x^ll; with 1 Na
2"T
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Figure C.63 Mass distribution of hard segments in 4-foam (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. Isref.
Table C.47 Intensity Table for 4-foam, 3sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 1.1923E+02 x=2; with 1 H
2 445.2 7.0796E+01 Trimer, n+m+x=0; with 1 H
3 450.1 6.1481E+02 Matrix
4 451.1 9.1780E+02 Matrix
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468.1
469.1
506.0
507.0
11
14
22
30
31
714.2
875.2
885.2
886.2
887.2
901.2
975.2
985.2
1011.3
2.4748E+02
1.2790E+02
3.5285E+02
4.5696E+02
8.6864E+01
5.3974E+01
2.5024E+02
7.1388E+01
7.2244E+01
5.2039E+01
6.4617E+01
4.6260E+02
1.6082E+02
7.4213E+01
3.1596E+02
1.11 94E+02
4.5843E+01
1.371 lE+02
7.0268E+01
3.8829E+02
1.7512E+02
4.5952E+01
5.0230E+01
2.8337E+01
3.6142E+01
1.1939E+02
?
x=3; with 1 H
x=3; with 1 H
x-3; with 1 Na
Trimer, n+m+x=l; with 1 Tl
?
x=4; with 1 H
x=-4; with 1 H
?
x=4; w"ith 1 Na
x-4; with 1 Na
x-4; with 1 K
x=5; with 1 H
?
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 K
7
T7
c
12
c
17,
1012.3 6.9752E+01 TT
34
1033.2 1.7533E+02 x=6; with 1 Na
1034.2 1.0737E+02 x=6; with 1 Na
TZ
TI
35
36
1123.2 2.7053E+01
1159.3 3.7692E+01 x=7; with 1 H TZ
37 1181.3 5.3218E+01 x=7; with 1 Na
38 1182.3 4.7790E+01 x=7; with 1 Na C
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Figure C.64 Mass distribution of hard segments in 4-foam (hydrolyzed for 1 day)
determmed by MALDI mass spectrometry. Sum cf 200 shots. 3sref
as
Table C.48 Intensity Table for 4-foam, 4sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 418.2 9.0036E+01 7
2 419.2 3.8311E+02 x=2; with 1 H
3 420.2 6.6854E+01 x=2; with 1 H
4 445.2 1.8888E+02 Trimer, n+m+x=0; with 1 H
5 451.1 1.6914E+03 Matrix
6 566.2 1.3800E+02 7
7 567.2 5.9389E+02 x=3; with 1 H
8 568.2 1 .4800E+02 x=3; with 1 H '^c
9 589.2 3.8979E+02 x=3; with 1 Na '^c
10 590.2 1.1640E+02 x=3; with 1 Na '^c
11 615.2 6.3468E+01 Trimer, n+m+x=l; with 1 Na '^c
12 714.2 1 .4454E+02 7
13 715.2 1.I528E+03 x=4; with 1 H '^c
14 716.2 4.228 lE+02 x=4; with 1 H
15 717.3 7.5478E+01 x=4; with 1 H 2"^C
16 727.2 2.3686E+02 7
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19
20
21
22
23
continued
737.2
738.2
739.2
837.2
862.2
863.2
864.3
24
25
26
27
28
29
30
li
32
33
865.3
875.3
885.2
886.2
887.2
897.2
901.2
917.3
985.3
1011.3
1.7810E+03
7.7151E+02
1.2313E+02
1.3928E+02
9.3904E+01
8.7225E+02
4.296 lE+02
8.5718E+01
1.7251E+02
2.3083E+03
1.1780E+03
2.5053E+02
8.8733E+01
9.4767E+01
5.0408E+01
1.2896E+02
4.3727E+02
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na: phis RuOH
9
x=5; with 1 H
x=5; with 1 H
x=5; with 1 H
7
x=5; with 1 Na
x=5; with 1 Na
x=5; whh 1 Na
?
x=5; whh 1 K
?
x-5; with 1 Na; plus BuOH
x=6; with 1 H
C
C
2^
17
c
c
2^
2~^
C
34
35
1012.3 2.5956E+02 x=6; with 1 H c
36
37
38
1013.3
1033.3
1034.3
1035.3
7.3951E+01
1.4202E+03
8.481 lE+02
2.2174E+02
x=6; with 1 H
x^6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
2^
C
C
2"^
39 1123.2 5.6873E+01
40 1133.3 6.1538E+01 x=6; with 1 Na; plus BuQH
41 1134.3 5.1335E+01 x=6; with 1 Na; plus BuOH C
42 1159.3 1.3430E+02 x=7; with 1 H Tlc
43 1160.3 8.8933E+01 x=7; with 1 H T7c
44 1181.3 4.4055E+02 x=7; with 1 Na TT.
45 1182.3 3.3142E+02 x=7; with 1 Na C
46 1183.3 8.9239E+01 x=7; with 1 Na 2^
47 1271.3 3.1530E+01 9
48 1272.3 3.3194E+01
49
50
51
1307.3 3.9236E+01 x=8; with 1 H
1329.3 9.3935E+01 x=8; with 1 Na
1330.3 7.1243E+01 x=8; with 1 Na
nC
12
c
TT
52 1456.4 3.1487E+01 x=9; with 1 H T7c
53 1477.3 6.0116E+01 x=9; with 1 Na TT
54 1478.3 5.2548E+01 x=9; with 1 Na TT
55 1603.3 2.9418E+01 x=10; with 1 H TIC
56 1625.3 5.3727E+01 x=10; with 1 Na TI
57 1626.3 6.4412E+01 x=10; with 1 Na TT
58 1773.3 4.1252E+01 x=ll; with 1 Na TZ
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Figure C.65 Mass distribution of hard segments in 4-foam (hydrolyzed for 1 day)
determined by MALDI mass spectrometry. Sum of 200 shots. 4sref.
Table C.49 Intensity Table for 4-foam, 5sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 2.9475E+02 x=2; with 1 H
2 507.0 4.3453E+02 7
3 508.0 8.949 lE+01 7
4 550.6 1.3164E+02 Matrix
5 566.3 1.3527E+02 7
6 567.3 4.9333E+02 x=3; with 1 H
7 568.3 1.4735E+02 x=3; with 1 H
8 589.2 2.0088E+02 x=3; with 1 Na
9 593.2 1.1044E+02 Trimer, n+m+x=l; with 1 H
10 714.3 1.1459E+02 7
11 715.3 9.3406E+02 x=4; with 1 H
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716.3
717.3
727.3
728.3
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
li
32
33
34
35
36
37
38
39
737.3
738.3
739.3
837.3
862.3
863.3
864.3
875.3
876.3
885.3
886.3
887.3
901.3
975.3
985.3
1011.3
1012.3
1013.3
1033.3
1034.3
1035.3
1123.3
1133.3
1134.3
3.2149E+02
5.9873E+01
1.4404E+Q2
6.3040E+01
9.6828E+02
3.7295E+02
7.4676E+01
6.5701E+01
6.2056E+01
6.7756E+02
3.0083E+02
1.2769E+02
6.7104E+01
1.3275E+03
6.6465E+02
1.4652E+02
7.3792E+01
5.1877E+01
7.4412E+01
2.9307E+02
1.4925E+02
4.9160E+01
7.9385E+02
4.7550E+02
1.2164E+02
5.6787E+01
3.9416E+01
3.3822E+01
x=4; with 1 H
x=4; with 1 H
7
9"
x-4; with 1 Na
x=4; with 1 Na
x==4; with 1 Na
x-4; with 1 Na; plus BuQH
x=5; with 1 H
x=5; with 1 H
7
x=5; with 1 Na
x=5; with 1 Na
x^5; with 1 Na
x-5; whh 1 K
7
x-5; with 1 Na; plus BuOH
x=6; with 1 H
x=6; with 1 H
x=6; with 1 H
x=6; with 1 Na
x=6; with 1 Na
x^6; wjth 1 Na
7
x=6; with 1 Na; plus BuOH
x=6; with 1 Na; plus BuOH
C
2^
C
T7
c
2^
Tl
c
c
c
c
TI
T2
c
c
2^
C
c
40 1159.3 8.0820E+01 x=7; with 1 H TIc
41
42
43
44
1160.4 5.3254E+01 x=7; with 1 H
1181.4 2.3427E+02 x=7; with 1 Na
1182.4 1.6983E+02 x=7; with 1 Na
1183.3 5.3178E+01 x=7; with 1 Na
C
C
c
2^
45 1271.4 3.3448E+01 7
46
47
1329.4 5.6954E+01 x=8; with 1 Na
1330.4 4.3306E+01 x=8; with 1 Na
C
C
48 1477.4 3.2666E+01 x=9; with 1 Na T7c
49
50
51
1625.3 3.0215E+01 x=10; with 1 Na
1626.4 3.2243E+01 x-10; with 1 Na
1774.5 2.8715E+01 x=ll; with 1 Na
C
C
nC
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Figure C.66 Mass distribution of liard segments in 4-foam (hydrolyzed for 1 day)determmed by MALDI mass spectrometry. Sum of 200 shots. 5sref
as
Table C.50 Intensity Table for 4-foam, 6sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.2 2.0339E+02 x=2; with 1 H '^C
2 420.2 4.9000E+01 x=2; with 1 H
3 445.2 1.3876E+-02 Trimer, n+m+x=0; with 1 H
4 451.1 1 .6296E+03 Matrix
5 459.1 9.5388E+02 7
6 507.0 5.3538E+02 ?
7 550.6 6.4555E+01 Matrix
8 566.2 1.1377E+02 7
9 567.2 4.706 lE+02 x=3; with 1 H
10 568.2 1.0774E+02 x=3; with 1 H '^c
11 579.2 9.5288E+01 7
12 589.2 1.5459E+02 x=3; with 1 Na '^c
13 590.2 5.1975E+01 x=3; with 1 Na
14 593.2 8.5813E+01 Trimer, n+m+x=l; with 1 H '^c
15 714.2 1.2035E+02 7
16 715.2 9.2728E+02 x=4; with 1 H
continued next page
Table C.50 continued
17
18
19
20
21
27
28
29
30
11
32
33
34
35
36
37
38
39
40
41
42
43
44
716.2
717.2
727.2
728.3
737.2
864.3
875.3
876.3
885.2
2.2705E+Q2
1.0339E+02
886.2
887.2
917.3
918.3
1011.3
1012.3
1023.3
1 024.3
033.3
1034.3
1035.2
1049.2
1123.2
1133.3
2.9606E+02
6.9555E+01
2.7854E+02
1.1445E+02
6.906 lE+02
7.7139E+02
3.3032E+02
x=4; with 1 H
x=4; with 1 H
7
7
x=4; with 1 Na
x=5; with 1 H
x=5; with 1 H
9.2582E+02
4.3203E+02
8.9080E+01
7.6089E-01
4.9640E+01
3.8429E+02
2.1562E+02
6.6241E+01
4.481 8E+01
5.4694E+02
3.1349E+02
8.1564E+01
4.0068E+01
4.6140E+01
3.6554E+01
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na
7
x=6; with 1 H
x=6; with 1 H
7
7
x=6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
x=6; with 1 K
x=-6; with 1 Na; plus BuOH
c
2^
71
c
nC
C
2^
nC
C
c
c
c
c
45 1159.3 I.0179E+02 x=7; with 1 H C
46
47
48
49
50
51
52
1160.3 8.4258E+01 x=7; with 1 H
1181.3 1.6316E+02 x=7; with 1 Na
1182.3 1.0344E+02 x=7; with 1 Na
1183.3 4.2129E+0 x=7; with 1 Na
1307.3 3.9207E+01 x=8; with 1 H
1329.3 4.297 lE+0 x=8; with 1 Na
1330.3 4.4797E+01 x=8; with 1 Na
C
C
C
53 1455.4 2.5348E+01 x=9; with 1 H C
54 477.3 3.7612E+01 x=9; with 1 Na
55 1478.3 3.2830E+0 x=9; with 1 Na C
56 1603.4 2.9169E+01 x=10; with 1 H
57 1604.3 3.1808E+01 x=10; with 1 H
58 1625.3 4.3056E+01 x=10; with 1 Na C
continued next page
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Table C.50 continued
Number of Repeats
Figure C.67 Mass distribution of hard segments in 4-foam (hydrolyzed for 1 day)
determined by MALDI mass spectrometry. Sum of 200 shots. 6sref
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Figure C.68 Mass distribution of non-cyclic hard segments in 4-foam (hydrolyzed for 1
day) as determined by MALDI mass spectrometry. Average of five distributions.
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Figure C.69 Mass distribution of cyclic hard segments in 4-foam (hydrolyzed for 1 day)
as determined by MALDI mass spectrometry. Average of five distributions.
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C.3.11. Foam-8
Table C.51
Peak
Number
Intensity Table for
Peak Mass
(Daltons)
1
6_
7
8
9_
]0
11
411.1
412.1
413.1
419.3
435.2
445.3
449.2
450.2
451.2
452.2
453.2
8-foam, Isref.
Intensity
(arbitrary
units)
5.5261E+02
2.3640E+02
5.5362E+02
3.5343E+02
2.5Q03E+02
2.6333E+02
4.4194E+02
6.6850E+02
1.1688E+03
4.7005E+02
2.6775E+02
Assignment
x-2; with 1 H
Trimer, n+m+x=0 : with 1 H
Matrix
Matrix
Matrix
Matrix
Matrix
Isotope
TT.
12
13
459.2 3.0823E+02
465.2 2.8336E+02 7
14
11
16
17
479.2
506.2
507.2
2.5983E+02
2.9572E+02
3.2466E+02
522.7 2.1731E+02 Matrix
18 548.9 2.5586E+02 Matrix
19 550.8 2.7365E+02 Matrix
20 559.1 6.3924E+02
21 560.1 3.0264E+02 7
22 561.1 6.4008E+02 9
23 562.1 2.6505E+02
24
25
566.4 2.4687E+02 7
567.4 4.4515E+02 x=3; with 1 H TT
26 568.4 2.6009E+02 x=3; with 1 H TT
27 579.4 1.9755E+02
28 589.4 4.4160E+02 x=3; with 1 Na nC
29 590.4 2.547 lE+02 x=3; with 1 Na C
30
31
673.3 2.0096E+02
674.3 2.0180E+02
32 675.3 2.2963E+01
33 689.4 2.2238E+02 x=3; with 1 Na; with BuOH TT
34 714.4 2.3018E+02 x=4; with 1 H TT
35 715.5 5.6537E+02 x=4; with 1 H TT
36 716.5 3.0995E+02 x=4; with 1 H 2^
continued next page
327
TabIe_C.5
1
37
38
continued
727.5
737.4
39
40
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
738.5
739.5
763.4
837.5
863.5
864.5
885.5
886.5
887.5
985.5
1011.6
1012.6
1033.6
1034.6
1035.6
1123.5
1133.6
1159.6
1181.6
1182.6
1197.6
1329.7
2.2182E+02
9.3224E+02
5.0797E+01
2.3122E+02
1.9980E+02
2.1814E+02
2.0298E+02
2.7701E+02
4.8488E+02
3.1433E+02
1.0073E+03
6.2943E+02
2.9198E+02
2.571 lE+02
3.3005E+02
2.7192E+02
7.4327E+02
5.1487E+02
2.6299E+02
2.0993E+02
2.1217E+02
2.3853E+02
4.4203E+02
3.9308E+02
1.9501E+02
2.9626E+02
x=4; with 1 Na
x=4; with 1 Na
x=4; with 1 Na
9
x=4; with 1 K
Trimer, n+m+x=2: with 1^
x=4; with 1 Na: plus RnOH
x=5; with 1 H
x=5; with 1 H
x=5; with 1 Na
x=5; with 1 Na
x^5; with 1 Na
9
x=6; with 1 Na; plus BuOH
X
x-7
x-7
x=7
x-8
with 1 H
with 1 Na
with 1 Na
with 1 K
with 1 Na
C
C
c
c
c
c
c
c
c
2^
x=5; with 1 Na; plus BuOH
| '^C
x=6; with 1 H ^
x^6; with 1 H ^
x^6; with 1 Na
'^c
x=6; with 1 Na ^
x=6; with 1 Na 2^
C
C
c
c
TZ
63
64
1330.7 2.7326E+02 x=8 with 1 Na
1477.7 2.561 5E+02 x=9 with 1 Na
77C
65 1625.8 2.2514E+02 x=10 with 1 Na TIC
66 1626.8 2.293 lE+02 x=10 with 1 Na C
67 1773.9 2.0370E+02 x=ll with 1 Na 71C
68 1774.8 2.2916E+02 x=ll with 1 Na C
69 1922.9 2.0115E+02 x=12 with 1 Na 7T
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Figure C.70 Mass distribution of hard segments in 8-foam (hydrolyzed for 1 day) asdetermmed by MALDI mass spectrometry. Sum of 200 shots. Isref.
Table C.52 Intensity Table for 8-foam, 5sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 419.3 9.9435E+01 x=2; with 1 H
2 449.2 2.5309E+02 Matrix
3 450.2 4.3583E+02 Matrix
4 451.2 7.5663E+01 Matrix
5 452.2 2.8828E+02 Matrix
6 453.2 1 .0064E+02 Matrix
7 459.2 1.4572E+02 ?
8 460.2 8.6322E+01 ?
9 465.2 9.5169E+01 ?
10 468.2 1.5671E+02 ?
11 469.2 7.341 lE+01 ?
12 479.2 7.1488E+01 ?
13 507.1 5.8630E+01 ?
14 566.3 4.8584E+01 7
15 567.3 1.661 lE+02 x=3; with 1 H
16 568.3 5.875 lE+01 x=3; with 1 H
continued next page
TableC52
17
11
19
20
2j_
22
continued
579.4
589.3
590.3
615.3
689.4
714.4
23
24
25
26
27
28
29
30
31
32
33
34
38
39
40
41
42
43
715.4
716.4
727.4
737.4
738.4
739.4
837.4
863.4
864.4
875.4
885.4
886.4
985.5
1011.5
1012.5
1033.5
1034.5
1035.5
1123.5
4.3665E+01
2.4999E+02
6.6716E+01
3.4839E+01
4.2015E+01
4.5902E+01
3.0440E+02
1.0464E+02
6.5152E+01
7.1818E+02
2.662 lE+02
5.1235E+01
7.4612E+01
2.0757E+02
8.8272E+01
5.2531E+01
7.8188E+02
3.9839E+01
5.3480E+01
9.2975E+01
7.6750E+01
5.0694E+02
2.9394E+02
6.1597E+01
3.247 lE+01
Trimer, n+m+x- 1 ; with 1 Nn
x=3; with 1 Na: plus RiiOH
x==4; with 1 H
x-4; with 1 H
x-4; with 1 H
7
x=4; with 1 Na
x=4; with 1 Na
x^4; with 1 Na
x-4; with 1 Na; plus BuOH
x=5; with 1 H
x=-5; with 1 H
7
x=5; with 1 Na
x=5; with 1 Na
x=5; with 1 Na; plus BuOH
x=6; with 1 H
x=6; with 1 H
x=6; with 1 Na
x^6; with 1 Na
x=6; whh 1 Na
7
C
C
nC
C
2^
c
C
2^
C
C
13
c
c
c
nC
c
13
c
c
2~^
44 1159.6 4.8456E+01 x=7 with 1 H 71c
45
46
1181.5 2.3666E+02 x=7 with 1 Na
1182.5 1.5088E+02 x=7 with 1 Na
TlC
47 1183.5 6.1269E+01 x-7 with 1 Na 2^
48 1307.6 3.4133E+01 x=8 with 1 H nC
49 1329.6 8.9855E+01 x=8 with 1 Na TIc
50
51
1330.6 8.6950E+01 x=8 with 1 Na
1477.6 5.4438E+01 x=9 with 1 Na
TIC
TI
52 1478.6 5.341 lE+01 x=9 with 1 Na TI
53 1625.6 4.676 lE+01 x=10 with 1 Na 17C
54
55
1626.7 4.5405E+01 x=10 with 1 Na
1773.7 4.4393E+01 x=ll with 1 Na
T7
c
C
56 1774.7 3.7852E+01 x=ll with 1 Na T7C
57 1923.8 3.0759E+01 x-12 with 1 Na 2^
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Figure C.71 Mass distribution of hard segments in 8-foam (hydrolyzed for 1 day) asdetermmed by MALDI mass spectrometry. Sum of 200 shots. 5sref.
Table C.53 Intensity Table for 8-foam, 6sref.
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 411.0 1.6144E+02 ?
2 419.3 1.2201E+02 x=2; with 1 H
3 449.2 7.4525E+02 Matrix
4 450.2 1.0921E+03 Matrix
5 451.2 1.6316E+03 Matrix
6 452.2 5.2359E+02 Matrix
7 459.2 3.2400E+02 7
8 479.2 2.6042E+02 ?
9 480.2 1.5243E+02 ?
10 507.1 1.2326E+02 ?
11 548.8 4.3216E+01 7
12 550.8 4.8354E+01 Matrix
13 559.1 1.7650E+02 7
14 560.1 5.8399E+01 7
15 561.1 1.4572E+02 7
16 566.3 6.3908E+01 7•
continued next page
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Table C.53 continued
17
18
19
21
22
23
24
567.4
568.4
579.3
Joy.
5
590.3
593.3
601.3
615.3
2.2539E+02
5.0724E+01
7.007 lE+01
1.9235E+02
6.1528E+01
5.3934E+01
2.8581E+01
x-3; with 1 H
x=3; with 1 H
9
x=3; with 1 Na
x=3' with 1 Nfl*• —
' 5 'Villi iNd
Trimer, n+m+x=1 • with 1 H
9
'^c
-
Up
25 714.4
2.9354E+01
5.3601E+01
1 rimer, n+m+x=l- with 1 Nn*
^ W lli 1 INcl
7
26 715.4 3.2808E+02 x=4* with 1 H
27 716.4 1.0608E+02 x=4: with 1 H' ^ 'TXVXl ii Up
28 727.4 1.2035E+02 7
29 728.4 6.001 lE+01 7
30 737.4 5.541 7E+02 x=4; with 1 Na
31 738.4 2.0349E+02 x=4; with 1 Na
32 749.4 5.0465E+01 ?
33 769.5 3.0702E+01 7
34 837.4 6.3197E+01 x=4; with 1 Na: nlus BuOH
35 862.4 3.6278E+01 7
36 863.4 2.6073E+02 x=5; with 1 H
37 864.4 9.3248E+01 x=5; with 1 H
38 875.4 7.6835E+01 7
39 885.4 5.9655E+02 x=5; with 1 Na
40 886.4 3.0186E+02 x=5; with 1 Na
41 887.4 7.3502E+01 x=5; with 1 Na 2'^C
42 897.4 6.0185E+01 7
43 975.4 3.4575E+01 7
44 985.5 4.7724E+01 x=5; with 1 Na; plus BuOH
45 1011.5 1.4719E+02 x=6; with 1 H
46 1012.5 8.0899E+01 x=6; with 1 H '^c
47 1033.5 3.7710E+02 x=6; with 1 Na '^c
48 1034.5 2.1693E+02 x=6; with 1 Na
49 1035.5 5.7807E+01 x=6; with 1 Na 2'^C
50 1123.5 3.601 lE+01 7
51 1133.5 3.2573E+01 x=6; with 1 Na; plus BuOH '^C
52 1159.6 8.361 lE+01 x=7; with 1 H '^C
53 1160.5 5.6766E+01 x=7; with 1 H '^C
54 1181.5 1.8129E+02 x=7; with 1 Na '^C
55 1182.5 1.2257E+02 x=7; with 1 Na '^C
56 1307.6 4.6045E+01 x=8; with 1 H '^c
57 1329.6 6.8625E+01 x=8; with 1 Na
58 1330.6 6.6906E+01 x=8; with 1 Na
continued next page
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Figure C.72 Mass distribution of hard segments in 8-foam (hydrolyzed for 1 day)
determined by MALDI mass spectrometry. Sum of 200 shots. 6sref.
Table C.54 Intensity Table for 8-foam, 7sref
Peak
Number
Peak Mass
(Daltons)
Intensity
(arbitrary
units)
Assignment Isotope
1 411.0 2.1755E+02 ?
2 413.0 2.0508E+02 7
3 418.3 8.4543E+01 ?
4 419.3 2.4469E+02 x=2; with 1 H
continued next page
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Table C.54 continued
5
I
435.2
6 445.3
1 450.2
8 I 451.2
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
452.2
459.2
468.2
479.2
506.1
507.1
559.1
579.4
589.3
590.3
593.3
615.3
673.2
675.2
689.3
714.4
715.4
716.4
727.4
728.4
1.4346E+02
1.4390E+02
1.9661E+03
3.0813E+03
1.1029E+03
4.7472E+02
4.1647E+02
3.6597E+02
2.0786E+02
3.0042E+02
3.0993E+02
1 0642E+02
2.3978E+02
6.8093E+01
7.7439E+01
3.6967E+01
9.0117E+01
1.0932E+02
5.4990E+01
7.2567E+01
4.3857E+02
1.5144E+02
2.0999E+02
9.3716E+01
Trimer, n+m+x=0 : with 1 H
Matrix
Matrix
Matrix
9
9
x=3; with 1 Na
x=3; with 1 Na
Trimer, n+m+x-1; with 1 H
Trimer, n+m+x-1: with 1
9
9
x-3; with 1 Na; plus BuOH
x=4; with 1 H
2^=4; with 1 H
?
9"
C
c
c
17
c
c
T2
c
C
29 737.4 7.1540E+02 x=4; with 1 Na c
30
31
32
738.4 2.8988E+02 x=4; with 1 Na
739.4 5.7700E+01
749.4
x=4; with 1 Na
6.1552E+01
C
2^
33
34
837.4 8.4584E+01
862.4
x-4; with 1 Na; plus BuOH
5.1107E+01
12
c
35 863.4 3.3677E+02 x-5; with 1 H TIc
36 864.4 1.3402E+02 x=5; with 1 H c
37 875.4 1.2627E+02
38 876.4 6.3090E+01
39 885.4 7.7419E+02 x=5; with 1 Na TlC
40 886.4 3.7850E+02 x=5; with 1 Na TI
41
42
887.4 8.1094E+01 x=5; with 1 Na
897.4 5.8877E+01
2^
43 917.5 5.4909E+01
44 975.4 5.7588E+01
45 985.5 6.2379E+01 x=5; with 1 Na; plus BuOH TIc
46 1011.5 1.9559E+02 x=6; with 1 H Tlc
continued next page
334
Table_C.54
47
48
49
50
51
52
53
continued
1012.5
1033.5
1034.5
1035.5
1123.5
1159.6
1160.6
54
55
56
57
58
59
60
6J_
62
63
64
65
66
67
68
69
70
71
1181.5
1182.5
1307.6
1329.6
1330.6
1455.7
1456.7
1477.6
1478.6
1603.7
1604.7
1625.7
1626.6
1752.7
1773.7
1774.7
1899.8
1922.8
1.0558E+02
4.6013E+02
2.6335E+02
7.978 lE+01
5.5422E+01
1.0386E+02
6.9267E+01
2.1866E+02
1.3061E+02
5.4887E+01
7.9405E+01
6.7101E+01
4.7191E+01
3.6656E+01
4.7838E+01
6.8000E+01
3.7616E+01
3.893 lE+01
4.3482E+01
5.1147E+01
3.4290E+01
4.0831E+01
4.0479E+01
2.7007E+01
3.3517E+01
x=6; with 1 H
x=6; with 1 Na
x=6; with 1 Na
x=6; with 1 Na
?
x=7; with \ H
x=7; with 1 H
x=7; with 1 Na
x=7; with 1 Na
x=8; with 1 H
x=8; with 1 Na
x=8; with 1 Na
x=9; with 1 H
x=9; with 1 H
x=9; with 1 Na
x=9; with 1 Na
x=10; with 1 H
x-10; with 1 H
x=10; with 1 Na
x-10; with 1 Na
x=ll; with 1 H
x=ll; with 1 Na
x=ll; with 1 Na
x- 12; with 1 H
x=12; with 1 Na
C
C
2"^
C
C
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
c
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Figure C.73 Mass distribution of hard segments in 8-foam (hydrolyzed for 1 day) asdetermmed by MALDI mass spectrometry. Sum of 200 shots. 7sref.
Table C.55 Intensity Table for 8-foam, Ssref.
8.8799E+01 x=2; with 1 H C
445.3 5.1155E+01 Trimer, n+m+x=0; with 1 H TIc
448.1 5.5560E+01
450.2 6.3936E+02 Matrix
451.2 1.1267E+03 Matrix
8 559.1 2.5256E+02
10
560.1 6.5496E+01
561.1 2.2905E+02
11 579.3 5.1193E+01
12
13
589.3 1.4989E+02 x=3; with 1 Na
675.2 4.8839E+01
17
c
14 715.4 1.5765E+02 x=4; with 1 H T2c
15 716.4 6.0109E+01 x=4; with 1 H C
16 727.4 6.0815E+01
continued next page
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Tablets 5
17
18
19
20
21
continued
737.3
738.3
749.3
837.4
863.4
22
23
864.4
875.4
885.4
3.94Q0E+02
1.7053E+02
4.4083E+Q1
5.2063E+01
1.2275E+02
5.7995E+01
4.2191E+01
x=4; with 1 Na
x=4; with 1 Na
?
x=4; with 1 Na; plus BuOH
x=5; with 1 H
x=5; with 1 H
C
C
€
C
24
25
26
27
28
29
4.3076E+02
886.4
x=5; with 1 Na
1.9952E+02
887.4
x=5; with 1 Na
5.3782E+01
897.4
x=5; with 1 Na
5.1404E+01
985.4 4.1456E+01
1011.4 8.5369E+01
x=5; with 1 Na; plus BuOH
x=6; with 1 H
C
C
C
c
c
30 1012.5 5.2778E+01 x=6; with 1 H C
31 1033.4 2.5578E+02 x=6; with 1 Na C
32 1034.4 1.3347E+02 x=6; with 1 Na C
33 1035.4 3.5098E+01 x=6; with 1 Na TT
34
35
1159.5 3.9207E+01 x=7; with 1 H
1160.5 3.5301E+01 x=7; with 1 H
C
C
36 1181.5 1.0687E+02 x=7; with 1 Na
37 1182.5 7.0454E+01 x=7; with 1 Na C
38
39
1307.5 3.0393E+01 x=8; with 1 H
1329.5 4.7265E+01 x=8; with 1 Na
C
40
41
1330.5 4.1490E+01 x=8; with 1 Na
1455.6 2.5840E+01 x=9; with 1 H
C
C
42 1477.6 3.2733E+01 x-9; with 1 Na C
43 1478.5 3.5574E+01 x=9; with 1 Na
44 1604.6 2.6301E+01 x= 10; with 1 H C
45 1625.6 2.9145E+01 x=10; with 1 Na C
46 1626.6 3.1482E+02 x=10; with 1 Na
47 1774.7 2.8258E+01 x=ll; with 1 Na C
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Figure C.74 Mass distribution of hard segments in 8-foam (hydrolyzed for 1 day) as
determined by MALDI mass spectrometry. Sum of 200 shots. Ssref
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Figure C.75 Mass distribution of non-cyclic hard segments in 8-foam (hydrolyzed for 1
day) as determined by MALDI mass spectrometry. Average of five distributions.
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Figure C.76 Mass distribution of cyclic hard segments in 8-foam (hydrolyzed for 1 day)
as determined by MALDI mass spectrometry. Average of five distributions.
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